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ABSTRACT. T hi s pa p e r i s a t ax o n o m. i c r e vi s i on o f t h e 
genus Petalostem.on ( Legum.inosae ) . The validity and 
delimitation of Petalostem.on, especially the relation-
ships with Dalea are considered. On the basis of evi-
dence from cytology, floral morphology and vascular 
anatomy, Petalostem.on is defined as a taxon of peren-
nial plants allied to, but distinct from Dalea. 
Twenty-nine species and two subspecies are reco g -
nized within the two subgenera of Petalosternon. In-
vestigations of the putative taxa were based primarily 
upon field collections and observations, g reenhouse 
culture, compatibility investigations, cytology, pollen 
analysis and herbarium. studies. Mass colle.ction an-
alyses were used to verify suspected hybridization 
among certain of the species in field populations; but 
hybridization was a relatively rare event in the genus. 
Cytological studies verified a gametic chromosome 
number of n = 7; determinations are presented for 9 
species heretofore unreported. One new species is 
characterized. 
INTRODUCTION 
Petalosternon, as herein delimited, com.prises 29 species of North 
American papilionoid legumes of the tribe Psoraleae (RydbE(rg 19 28a, b; 
Isely 1958, 1962; Lersten and Wemple 1966). 
The most recent worldwide treatment of the Legum.inosay (Hutchinson 
1964) divides the Psoraleae into two tribes, Daleae and Psoraleae. Peta-
1ostem.on and its close relative Dalea are placed in the for!Tfer tribe.--
Evidence contrary to Hutchinson's division is presented by J_,ersten and 
Wemple (1966). . 
The genus is distinguished from other members of the trJbe by the 
possession of both of two basic characters: 1) there are only five stamen: 
and 2) the four petals other than the standard are inserted at the apex of 
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the staminal tube and alternate with the filaments, while the standard is 
inserted at the floral base. 
The original objective of this investigation was the delimitation of the 
taxa within Petalostemon. It soon became evident, however, that a re-
consideration of the generic limits of Petalostemon w as desirable, if not 
essential. A considerable proportion of the total research, therefore, 
was directed toward the latter end, particularly the interrelationships of 
Petalostemon and Dalea. Much of this material is in print (Wemple and 
Lersten 1966) and will only be summarized in this paper. 
MATERIALS AND METHODS 
Field collections and observations 
Field studies of Petalostemon were conducted during the growing sea-
sons 1961-1964 inclusive. All species of the genus were studied in situ 
except those few indigenous to the Great Basin and the Pacific Northwest. 
Living material was also collected and placed under greenhouse condi-
tions for additional study. 
Greenhouse cultivation 
Plants wer.e grown from both rootstocks and seeds. Rootstocks col-
lected in the field were transported to the greenhouse in polyethylene 
bags. The potting medium was Iowa prairie soil with approximately 25.% 
coarse river sand added to facilitate drainage. 
Following threshing and scarification, seeds were germinated on 
moistened blotter paper in Petri dishes placed in a 20 ° C constant tem-
perature chamber in the Iowa State University Seed Laboratory. When 
seedlings were 1-cm long, they were transferred to pots containing the 
medium. Voucher specimens of all plants cultured were deposited in ISC. 
Hybridiz.ation studies 
A program of controlled cross pollinations in the g reenhouse was 
initiated in an attempt to elucidate genetic relationships w ithin the genus. 
Since most species of Petalostemon are obligately entomophilous, there 
is no self fertilization in an insect free greenhouse; therefore, the com-
mon practices of " bagging " and emag,cµlation are unnecessary. Pollina-
tion was carried out by using a stamen as a pollen applicator -merely 
touching it to the stigmas of the female parent. Complete pollination of 
a spike usually took about 2 weeks because the flowers open sequentially. 
In the field, fruits are presumably shaken from the rachis by wind and 
rain action. Lacking this dispersal force in the greenhouse, the fruits 
remain attached to the rachis and can conveniently be collected when the 
seeds of a who.le spike mature. 
Cytological studies and pollen _analysis 
Cytological material was obtained in part from germinated seeds. 
Root tips were cut off when they attained a length of 1-2 cm and imme-
diately placed in a one-fourth strength nutrient solution (Hoagland and 
Arnon 1950) with 0. 02% Acti-dione (Upjohn Co.), a mitotic inhibitor. After 
7-8 hours treatment, they were fixed in 3: I alcohol-acetic acid for 24 
hours. The root tips were then hydrolyzed for 8 - 9 minutes iri ' lN HCl at 
60°c and placed in Feulgen stain for 45-70 minutes. Following " squash-
ing, 11 the slides were made permanent by the liquid C02 freezing technique 
(Bowen 1956). 
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Meiotic counts were obtained from buds collected in the field as well 
as the greenhouse. Fixation was by 3: 1 alcohol-acetic acid, and the 
preferred stain was propiocarmine. All cytological illustrations were 
made using the Zeiss Drawing Attachment. Voucher specimens of all 
plants from which successful counts were obtained were deposited in ISC. 
Pollen was collected from living plants, both in the field and the 
greenhouse, as well as from herbarium specimens. Semipermanent 
slides were prepared by using lactophenol-cotton blue (Sass 1958; Stone 
19 63) as a combination stain and mounting medium. Fresh pollen can be 
studied within a few hours; samples from herbarium specimens require 
24 hours to allow the stain to penetrate and inflate the dehydrated grains . 
Length, width and stainability were recorded. Stainability is an approxi-
mation of viability. 
Her barium Study 
Over 4, 000 herbarium specimens were studied during this investiga-
tion. I should like to express my appreciation to the curator s of the fol-
lowing institutions who made them available. Those herbaria denoted by 
an asterisk supplied type material only. Abbreviations used for all her-
baria cited in this paper are those of Lanjouw and Stafleu ( I9 64). 
':'B 
D 
':' F 
FLAS 
FSU 
':'G 
GA 
':'GH 
* GL 
ISC 
':'KANU 
KY 
MO 
Botanisches Museum 
Duke University 
Chicago Natural History Museum 
University of Florida 
Florida State University 
Conservatoire et Jardin botaniques 
University of Georgia 
Gray Her barium of Harvard University 
University of Glasgow 
Iowa State University 
University of Kansas 
University of Kentucky 
Missouri Botanical Garden 
NO Tulane University 
NY New York Botanical Garden 
OKLA Oklahoma State University 
':'p Museum National d'Histoire Naturelle Laboratoire de 
SMU 
TENN 
us 
Phanerogamie 
Philadelphia Academy of Natural Sciences 
Rocky Mountain Herbarium 
Southern Methodist University 
University of Tennessee 
University of Texas 
University of California, Berkeley 
United States National Herbarium 
Washington State University 
Synonyms for each species are listed in the taxonomic treatment. The 
procedure of Isely ( 19 62) is used to indicate the basis for inclusion of 
each name as follows: 
(1) Type specimen of photograph of same examined. 
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(2) Original description examined. 
(3) Name utilization follows that of another author who has 
examined an original specimen or type. 
( 4) Name utilization follows that currently accepted; typification not 
verified. 
Multiple designations [e.g., (1)(2)) indicate .congruity between the 
sources of information indicated. The appropriate number(s) follows 
the citation of each name. 
The distributional maps are based on specimens studied by me. A 
list of cited specimens can be found in my thesis (Wemple 1965). 
Clearing techniques 
The vascular anatomy of the flowers of Petalostemon and related 
genera was studied by clearings (Brady, Wemple and Lersten 19 64). 
Herba,rium specimens were the major source of material, supplemented 
by fresh flowers killed and fixed in FAA or GRAF III (Sass 1958). They 
were cleared in 5f% NaOH and chloral hydrate, stained with safranin and 
mounted in Piccolyte. Clearing without staining by using Hoyer' s solu-
tion (Anderson 1954) was found a valuable and timesaving technique. 
Permanent slides were made directly from dissected specimens, softened 
in a wetting agent (Pohl 19 5 4) and, without resorting to tedious dehydra-
tion, mounted in Hoyerls solution. 
Certain aspects of anatomy not clearly observable by clearing tech-
niques were studied by microtome sections. These were prepared and 
stained by conventional methods (Sass 1958). 
DELIMITATION AND VALIDITY OF PETALOSTEMON 
Petalostemon can usually be distinguished from the closely related 
genus Dalea by two basic characters: 1) there are only five stamens and 
2) the four petals other than the standard are inserted at the apex of the 
staminal tube alternating with the filaments. Most species of Dalea have 
nine or ten stamens and nearly all have a distinctly papilionoid corolla. 
In so~e species all five petals are inserted on the hypanthium below the 
staminal tube. More commonly the wing and keel petals are attached at 
some point on the staminal tube. In others, however, the four anterior 
petals are inserted almost at the apex of the staminal tube, approximat-
ing, ·· but not quite attaining, the Petalostemon condition. This is found in 
Rydberg's segregate genus Thornbera (Rydberg 1919-1920), a part of 
Dalea in the broad sense. In gross appearance certain species of Dalea 
and P~talostemon are easily confused, but inspection of the. flowers re-
garding the just mentioned characters will readily place the specimen in 
the proper genus. . · 
The question of whether the petals are true petals or staminodes has 
been a critical one in understanding the relationship between Dalea and 
Petalostemon. A reappraisal of certain aspects of floral morphology of 
Petalostemon was undertaken with special regard to the questions of 
petal origin, petal insertion and stamen number. A detailed account of 
this work is in print (Wemple and Lersten 1966), and the following is the 
conclusion of that paper: 
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There is apparently no clearly defined disjunction between Petaloste-
mon and Dalea, and evidence from vegetative anatomy and floral mor-
phology indicate a common ancestry. A chromosome number of n = 7 is 
shared by both genera, also indicative of a close relationship. Notwith-
standing the similarities between the two genera, Petalostemon repre-
sents a highly specialized branch within the heterogeneous daleoid com-
plex, This specialization has resulted in both the lass of one whorl of 
stamens and the migration of four petals to the apex of the staminal tube. 
The species of Dalea possessing petalostemoid characteristics appear to 
arise from diverse sections of the genus and perhaps represent special-
ized and independent, albeit somewhat convergent evolutionary trends. 
A complete reassessment of the placement of Petalostemon must await 
revision of the remainde-r of the daleoid complex, but it is feasible at 
present to redefine the generic delimitations of Petalostemon excluding 
all taxa possessing more than five stamens as well as those with petal 
insertions- substantially below the apex of the staminal tube. 
The reticulate, often convergent, pathways taken by the evolutionary 
processes in many groups often make generic lines somewhat indistinct. 
This is certainly true in many groups of legumes and emphatically true 
in other plant families (e.g., Cruciferae, Gramineae). Therefore, at 
least more than one viewpoint of what constitutes generic delimitation in 
a particular taxon is admissible. The alternative to the present disposi-
tion of Petalostemon, as advocated by Shinners (1949a) and Barneby 
( 19 65) would be to reduce it to some subgeneric ranking within Dalea; but 
again, the same problems would be encountered only at a different taxo-
nomic level. The acceptance of Petalostemon, as herein defined, seems 
to result in a reasonably natural genus of perennials, easily definable 
from the melange that is Dalea. 
DELIMITATION OF SUBGENERIC TAXA 
Two major lines are evident within my delimitation of the genus 
Petalostemon; subgenus Kuhnistera and subgenus Petalostemon. The 
first is represented by the specimen originally collected by Walter and 
herein called P . pinnatum. Michaux (1803) , or L. C. Richard who wrote 
Michaux' diag;;:-oses, was the first to unify Kuhnistera with what were 
considered the pentastaminate members of Dalea in the new genus Peta-
lostemon, a position with which I concur. Rydberg, in the most recent 
revision of the Psoraleae ( 1919- 19 20 ) , considered the differences suffi-
cient to merit generic status. The basic characteristics used to sub-
stantiate separation of the Kuhnistera are : 1) spikes disposed in a corym-
bose manner; 2) sterile involucral bracts subtending individual spikes; 
and 3) plumose, filiform calyx lobes. I consider the three taxa compos-
ing Kuhnistera to belong within the genus Petalostemon because all the 
primary identifying characters of this genus are found, in addition to 
these specialized characterstics that seem merely exaggerations of those 
found in .other species of Petalostemon. For example, Petalostemon 
multiflorum possesses an infloresc.ence w ith a somewhat corymbose 
structure. Sterile bracts subtending flower spikes are present in all the 
southeastern species of Petalostemon as well as many other species 
throughout the range of the genus. None, however, exhibit the degree of 
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bract expansion found in P. pinnatum. An approach to the plumose-
filiform lobes of P. pinnatum is found in P. ornatum of the Pacific North-
west. In short, the features characteristic of subgenus Kuhnistera are 
quantitatively, but not qualitatively, different from those of other species 
of the genus. With these considerations in mind, I have adopted Candolle 1 s 
(1825) viewpoint: one genus, Petalostemon, with two subgeneric cate-
gories. 
Within subgenus Petalostemon certain groupings can be made based 
on morphological similarities. I have recognized these groups by using 
Rydberg's (1919-1920) technique of unofficial sectional names. It is 
clear from my work that at least some of these sections are more than 
mere phenotypic associations. The Purpurei, for example, are almost 
completely interfertile, whereas hybridization between one of its mem-
bers and another species outside the section is rare. The same is true 
of the Candidi. Although compatibility studies did not cover all species 
and sections, it seems clear that morphologically based relationships 
have a sound genetic basis within this genus. 
COMPATIBILITY STUDIES 
During the fall of 1962, a program of controlled cross pollinations 
was begun in an attempt to elucidate the genetic relationships between 
the species of Petalostemon. Parent plants representing 11 of the 29 
species were grown either from seed or field-collected rootstocks and 
maintained under greenhouse conditions during the experiment . Cross 
pollinations were made, the seeds harvested, counted, planted, and 
progeny grown. In a few instances, second- generation hybrids were 
produced. In addition to the insights into the genetic relationships of the 
species, this part of the research provided an almost constant supply of 
cytological material, flowers and pollen for further investigation . 
Petalostemon proved an ideal subject for this type of biosystematic 
research because the pla nts rarely set seeds if kept in an insect-free 
environment. The mec h a nisms preventing self-pollination are not pri-
marily genetic; rather, they are morphological. Almost all species are 
protandrous, the anthers are exserted and the pollen exposed before 
stigmatic receptiveness. Additionally, the filaments diverge from the 
longitudinal axis of the flower so that the anthers are spatially quite re-
mote from the stigma when it does become receptive. Another factor 
involved is that the style is long and the stigma extends well beyond the 
anthers. One species that lacks both divergent filaments as well as an 
elongate style is P. obovatum. This species is entirely self pollinating 
in the greenhouse-; setting seeds readily without outside intervention. 
The degree of interfertility between species was measured by the 
percentage of seeds set in a given cross. Usually all the pods of a par-
ticular spike were examined. This number ranged from a minimum of 
20 to a maximum of 261. The average number of pods examined from 
each cross was 32. The results of all attempted cross pollinations are 
shown in Table 1. A seed set of less than 10% is interpreted as indicat-
ing complete intersterility. This small percentage appears to represent 
infrequent self-pollinations, often resulting from stylar bending that 
a llows a stigma of one flower to touch an anther of a contiguous one. 
Table 1. Resul ts of att enpt ed cross-pollinati ons in the g enus Petalostemon. All numbers 
are expressed in percentage of seed set, The asterisk(~' ) s ignifies a self-
pollination or progeny phenotypically like the female parent. 
Male parents (A) (B) (C) (D) 
Female parers (E)(F) G) (H) (I) (J) 
f. purpureum (A) 15 24 45 0 8 2 0 10 l~~ 0 0 -- 0 
48 24 30 0 30 5-r, 0 2 .4-:·-
% 61 12 3. 5{'-
_E. tenuifolium ( B) 16 0 55 -- 2.4 4 12 22 12-::- 0 l Y - 0 
9.6 34 4 67~:- 0 
7.8 145 17 26-:': 
f . tenue (C) 31 53 37 -- 19 21 6 -- 0 -- 0 3. 8-:'-
2 .5 0 0 9 16 10 
19 20 
!'...· pulch errimum ( D) 21 4 10 0 1 3 -- 0 0 -- 2.6~' 
45 50 17 2F 0 
f . arenicola (E) 41 45 19 0 c 7 C: r ,; ;) 0 34~' 0 0 0 
36 57 14 0 8 11 27 0 0 0 
58 25 11 43 
J:. gattin~eri (F) 53 23 -- 0 37 45 -- -- -- - 0 
f . candidum (G) 0 0 0 -- -- 0 -- -- 10 61 31 0 
2. '3-~- 0 11 0 
E,. occidentale (H) 
- 9.ll' -- -- 5 . fr:c -- 10 27 28 12-::-
0 (' 50 29 
6.7" 0 35 
P . multiflorum (I) 
-- -- -- -- -- -- -- -- -- --
_E. villosum (J) 4,y:- 0 -- 0 12 . 5-:- -- 0 34-:; 0 46 
0 0 · o 0 20~:- 0 
0 
.E . mic ro12hYll tnn ( K) 0 1.8 0 0 0 0 -- 2. ~'- 0 7,5 -:;. 0 0 
0 0 0 30* 0 0 0 
0 0 0 0 
(K) 
--
0 
--
0 
0 
0 
--
2~ :-
0 
0 
0 
1.3-:' 
--
12~:-
0 
0 
4.7 
?:J 
M 
< 
H 
C/l 
H 
0 
z 
0 
f-zj 
1:J 
M 
f-:3 
;t:.. 
L' 
0 
C/l 
f-:3 
M 
~ 
0 
z 
-J 
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In Table 1, the species are arranged according to sectional groupings 
based on morphological similarities. It will be seen that within a given 
section, fertility between the species is high, while between sections it 
is quite low, if existent at all. As a result of progeny analysis, only 
one inter sectional hybrid was verified, that from a cross between P. 
candidum and P .. tenuifolium, with the former the pistillate parent.- P. 
candidum is white flowered while P. tenuifolium is purple. The hybrid 
was intermediate in color as well as other characteristics. A possible 
second intersectional cross indicated in Fig. 1 by the question mark is 
based on rather indirect evidence. The cross was between P. villosum 
and P. occidentale, the former the pistillate parent. The progeny, 
phenotypically, was like P. villosum, but most of the flowers were ab-
normal. Many lacked corolla segments and( or) stamens, others showed 
various kinds of androecial fusions. These abnormalities could have 
been the result of self-pollination resulting in increased homozygosity of 
deleterious recessive genes; however, no other P. villosum crosses 
showed such abnormalities, including several self crosses. 
I 
~· 
VILLOSI 
\ 
\ 
\ 
\ 
I 
I 
\ 
\ 
\ 
I 
I 
\ 
' 
I 
I 
\ 
\ 
PURPUREI 
I 
I 
\ 
1' t):, 
I \ 
>' 
CANDI DI 
\ 
\\ 
I 
\ 
\ 
I 
I 
\ 
\ 
\ 
\\ 
~ 
PHLEOIDES 
/' 
/// 
Figure 1. Diagram showing attempted crosses between members of four 
sections of Petalostemon. T he arrows indicate the direction 
of pollen transfer. Attempted crosses where less than 5% 
seed set resulted are indicated by a broken line. The solid 
lines indicate verified hybrids were produced. 
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Within sections , all crosses showed phenotypic intermediacy b etween 
both parents with but a few exceptions. One of the exceptions was the 
unique retrorse calyx pubescence characteristic of P. tenue (P. stan-
fieldii). Of the progeny examined when this species-was the staminate 
parent, none had retrorse calyx pubescence even though intermediacy 
was seen in all other characteristics. It is pas sible that this character 
is controlled by a single recessive gene. 
One of the anticipated results of these crosses was the synth esis of 
plants morphologically similar to preex isting species of Petalostemon. 
A cross between P. gattingeri and P. purpureum resulted in such a syn-
thesis. The progeny of this cross were phenotypically identical with P. 
arenicola. Although the present range of the two parents is allopatriC: 
it is possible that sympatry existed in the past and that hybrid populations 
proved adapted to a particular " e cological niche " and persisted. Pheno-
typic resemblance , however, is equivocal and need not imply t h e deriva-
tion of an entire species from two extant species. A specimen of this 
cross is in ISC. 
Another result of this study was the discovery that male sterility 
within populations is a relatively common phenomenon in Petalostemon. 
This is not an artifact of greenhouse culture. It first came to my atten-
tion in the greenhouse when certain plants of P. purpureum, P . candidum, 
and P. multiflorum consistently produced flo~ers with shrunken anthers 
containing no pollen yet appeared fully female fertile and set seeds 
when pollinated with pollen from other plants. Later, close observation 
in the field showed that, indeed, the field populations contained both male 
sterile and male fertile plants. On a prairie remnant adjacent to the 
Ames High School, Story Co., Iowa, both P. purpureum and P. candidum 
grow sympatrically. Ten of 12 P. purpure-lim and 27 of 35 P:- candidurn 
plants collected here were male-sterile. -
The obvious advantage of male sterile plants in pollination experiments 
is that the possibility of accidental self-pollination is eliminated. All 
three male sterile species in cultivation have thus yielded unequivocal 
data in this study. One aspect of this male sterility phenomenon is that 
the progeny of these plants resulting from hybridization with another 
spe cies in the same section are always male sterile even though they are 
intermediate in all other phenotypic aspects. This characterist ic is pos-
s ibly the result of one or a group of dominant genes. 
Some evidence has accumulated from the studies involving these male 
sterile plants indicating that " foreign " pollen can induce parthen ogenetic 
seed formation. Crosses involving male sterile P. candidum plants and 
some of the purple species (e.g., P. purpureurn,-P. tenuifolium, P. 
pulcherrimum and P. arenicola) produced relatively high seed set,-yet 
the progeny were phenotypically like the pistillate parent. It is probable 
that embryo development is parthenogenetic and the foreign pollen merely 
acts as a trigger for this type of reproduction. Although all the speci-
mens of£>. occidentale used were fully male fertile, perhaps partheno-
genetic seed formation was responsible for the high seed set with pollen 
from P. tenuifolium and P. villosum (Table 1) . In this instance, too, all 
the progeny were phenotypically P. occidentale. 
In summary, there are genetic barriers between the sections of the 
genus. Thus two species belonging to different sections can exist sym-
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patrically with little, if any, genetic interchange . Within sections, how-
ever, interfertility is common, but geographical or ecological separation 
of species is almost always found. If two species belonging to the same 
section come in contact, hybrids result. Such a situation undoubtedly 
occurs in southeastern Oklahoma resulting in hybridizations among P. 
purpureum, P. pulcherrimum, and P. decumbens. From my greenhouse 
study, the hybrids seem fully fertile and vigorous but this in no way 
measures their ability to compete in their natural environmE-nts. 
Compatability within the four sections tested (Purpurei, Phleoide s, 
Candidi and Villosi) is summarized in Fig. 1. Compatibility w ithin 
selected members of section Purpurei is summarized in Fig . 2. 
P. PURPUREUM 
P. PULCHERRIMUM 
Figure 2. Diagram showing attempted crosses between members of 
section Purpurei in Petalostemon. The arrows indicate the 
direction of pollen transfer. Attempted crosses wherein less 
than 5% seed set resulted are indicated with a broken line. 
The thin, solid line represents 5-10% seed set. The wide, 
solid line represents a seed set greater than 10% . 
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CYTOLOGICAL STUDIES 
Cytolo gical studies using root tips and microsporocyte preparations 
were made on i 1 species, 8 inter specific hybrids and 1 F 2 interspecific 
hybrid. Eight of the species counts have not previously been reported. 
A summary of my counts and those of other workers is presented in 
Table 2 and selected illustrations of the meiotic and mitotic fi gures are 
shown in Figs. 3, 4. Voucher specimens for each of the counts were de-
posited in ISC except when otherwise noted. 
All counts previously made as well as my own show Petalostemon to 
possess a diploid number of 14. There were no consistent meiotic ab-
normalities either in the species or the hybrids that I examined. Occa-
sional examples of binucleate pollen mother cells, such as those reported 
by Sen and Krishnan in Clitoria ternata (1961 ) , were observed. 
An attempt was made to study meiosis in specimens of Petalostemon 
that were male sterile, but I was unable to observe any meiotic figures 
in anther preparations from these plants. It is possible that the dis-
turbance resulting in male sterility takes place before meiosis, perhaps 
in pollen mother cell formation. 
POLLEN ANALYSIS 
Pollen investigation, particularly those involving size and shape re-
lationships, have heretofore been undertaken mainly by paleobotanists. 
The topic can hardly be introduced without mention of the work s of G. 
Erdtman (1952, 1954), but the primary focus of these books, even though 
they have taxonomic implications, is the study of fossil pollen. Two 
recent papers have pointed out the importance of pollen analysis as an 
additional tool for the systematist dealing with modern plants (Horton 
19 63; Stone 1963). 
Both Horton and Stone utilized freshly collected pollen for their 
studies. I used fresh pollen also, but found it is equally feasible, for 
Petalostemon, to use pollen from herbarium sheets. Drying evidently 
has little effect on the exine and if the investigator is primaril y inter-
ested in external dimensions of the grains, 24 hours in lactophenol and 
cotton blue is sufficient to inflate the grains to their normal s i ze. 
The pollen of Petalostemon varies in shape from subprolate to prolate 
(Erdtman 19 54). The larger pollen grains of the section Purpurei tend 
to be more elongate than those of the other sections that possess smaller, 
more spheroidal grains. The tricolpate grains appear only slightly 
sculptured under 430x magnification. They bear no irregular ities or 
protuberances. 
To the naked eye the pollen is yellow or orange; the color is due to an 
orang e liquid that adheres to the grains. This substance is immiscible 
in lactophenol, but has not been further characterized. It is especially 
prevalent in members of section Purpurei-the species that possess 
yellow-orange or orange pollen. Representatives of the other sections 
have yellow pollen. 
Pollen fill (or, as it is usually interpreted, viability) as tested with 
cotton blue, is high in almost all species. In all except P. tenuifolium 
and P. villosum the number of aborted or nonstaining pollen grains was 
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Table 2. Chromosome nwnbers reported in the genus Petalostomen. All counts 
are Zn. The asterisk( ':') indicates previously unreported counts. 
Species References and( or) collection data 
'~ P. albidwn 
':' P. arenicola 
P. candidum 
'~ P. carnewn 
'~ P. pinnatum ssp. pinnatum 
'~P. pinnatum ssp. 
trifoliatum 
P . feayi 
;,, p, gattingeri 
Wemple: Alachua Co., Florida, Isely and Wemple 
925 7. Colwnbia Co., Florida, Isely and Wemple 
9372. 
Wemple: Kearney Co., Kansas, Wemple 319. 
Ledingham (1957). Turner (1959). 
Wemple: Citrus Co. , Florida, Isely and Wemple 9271 
Wemple: Alechua Co., Florida, Isely and Wemple 
9246. 
Wemple: Holmes Co., Florida, Isely and Wemple 
9177. Leon Co., Florida, seeds collected by A. W. 
Clewell from same location as Clewell 75B. No 
voucher specimen retained. 
Turner (1963) . Wemple: Highlands Co., Florida, 
Isely and Wemple 93 16. 
Wemple : Franklin Co., Alabama, Wemple 470. 
P. glandulosum Turner (1956). 
(synonymous with P. 
phleoides in this treatment) 
P. grisewn 
* P. microphyllwn 
P. pulcherrimwn 
P. purpureum 
P. stanfieldii 
(Synonymous with P. 
tenue in this treatment) 
* P. tenuifoliwn 
P. villosum 
Wemple: Jackson Co., Mississippi, Isely and 
Wemple 9110. Mobile Co., Alabama, Isely and 
Wemple 9 115. Baldwin Co., Alabama, Isely and 
Wemple 9 129. 
Turner (1959). Turner and Fearing (1960). 
Wemple : from seeds collected in Callahan Co., 
Texas by N. C. Henderson, Wemple greenhouse 
No. 65B. 
Turner (1956) . Wemple: from seeds collected in 
Travis Co., Texas, Wemple greenhouse Nos. BJ, 
BM. Grime s Co., Texas, Wemple and Jackson 717. 
Ledingham ( 19 57). Wemple: from seeds collected 
in Swnter Co., Alabama, Shinners 12634. From 
seeds collected in Clark Co., Arkansas, 
Demaree 3B695. 
Turner ( 1956) . 
Wemple: from seeds collected in Ochiltree Co., 
Texas, Wallis 4B06. 
Ledingham (1957). 
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Figure 3. Meiotic and mitotic figures in specie s of Petalostemon. 
A. P. albidum; 1. anaphase II, 2. pachytene. 
B. P. arenicola. C. P. carneum. D. P. pinnatum ssp. 
pinllii..tum. E. P. pinnatum ssp. trifoliatum; 1. mitosis 
13 
(two cells), 2. pachytene. F. P. feayi. G. P. gattingeri. 
H. P. gracile; 1. diakinensis, 2. metaphase.- I. P. micro-
phyllum, anaphase II. J. P. pulc}errimum; 1. d°G.kinensis, 
2. pachytene. K. _!'. purpure-liffi." L. P. tenuifolium. 
always les s t h an 1%. ~· tenuifolium was unique in that the grains 
showed wide variations in size and shape. This is indicated by the rela-
tively wide range of both length and width measurements as well as a 
large standard deviation for both (Table 3, Fig. 5). In addition to size 
and shape variation, there was invariably 5-15% nonstaining pollen in 
each sample. P. villosum, while having uniform pollen size, usually 
showed about 10% nonstaining pollen. 
Measurements and their analysis are presented in Table 3 and Fig. 5. 
The species are grouped according to sections and within the sections, 
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Figure 4. Meiotic figures in interspecific hybrids of Petalostemon. 
A. P. tenuifolium x P. arenicola; 1. pachytene, 2. anaphase II. 
B. P. arenicola x P:- tenuifolium. C. _P. arenicola x P. pul-
cherrimum, two cells. D. P. arenicola x P. purpureum.--
E. P. gattingeri x P. tenuifolium, two cells. F. P. pulcher-
rimum x P. purpureum, two cells. G. (P. tenuifclium x P. 
~ola) x self. -
on variations in pollen size and shape. It is evident that the measured 
pollen characteristics coincide with the external morphological charac-
teristics upon which the sections are based. 
Several tentative generalizations can be drawn from this data: 
1) Members of section Purpurei seem related in the possession of large, 
prolate pollen grains. 2) The pollen size of P. searlsiae is interesting 
because this species has many characteristics that suggest that it is 
allied with the Purpurei-most specifically with P. tenuifolium whose 
pollen size P. searlsiae closely approximates. The morphological basis 
for includingthe latter species in the Ornati rather than the Purpurei 
REVISION OF PETALOSTEMON 15 
'HLEOIDES 20p 30 ,0 50 
microphyllum E$J 
-$-
fOLIOSI $ folio1um 
--tti 
VILLOSI 
-$---willo1um 
--$--
CANDID I 
occidental• 
condidum 
OINATI 
obo•otuftlll 
1earl1iae 
tenu i fo Ii""' 
gattingeri 
arerticolo 
tenwe 
f"'•pureu"' 
pulcherriMUM 
dee ......... 
-+--
20,... so 'o 50 
Figure 5. Pollen size and shape analysis of selected species of Petalos-
temon. Length of the horizontal line indicates the range of 
variation in width (upper line) and length (lower line). The 
central cross mark indicates the arithmetic mean for all 
grains sampled. The rectangle represents + or - one stan-
dard deviation. 
will be discussed later. 3) Sections Phleoides, Foliosi and Villosi pos-
sess small subprolate pollen grains. Morphologically these sections are 
quite distinct from one another, yet they are unique among the Petalos-
temon in that they all possess a high leaflet number (15 or mor-e-).--
--rhave a l s o examined the pollen of most of the artificial hybrids that 
I have synthe si zed as well as that of a naturally occurring hybrid between 
P. purpureum and P. pulcherrimum [Table 4 (Wemple 402, Marshall 
Co., Okla.) J. Usually pollen size of the hybrid is intermediate between 
that of either parent-this intermediacy parallels that shown by the hy-
brids in other morphological characteristics . Seldom is the viability of 
the pollen substantially reduced except for all P. tenuifolium hybrids, 
where the "abnormalitie s "-size and shape variation and inviability-of 
the P. tenuifolium parent seem emphasized. This variation was noted in 
Table 3. Pollen aralysis of species of Petalost emon. Asterisk (~~) indicates that all 
measurements were from dried pollen t.:3.ken from herbarium s pecimens CJ" 
"Section " Species No . of No . of ;f.fidth in 1J. Length in µ 
sampl es plants Range Arith- Standard Range Ari th- Standard 
metic devia- metic devia-
rnea n tion mean t i on 
Phleoides micro phyllum 10 7 18-27 22.23 1.61 24-29 26 .34 1.62 
Foliosi foliosum 2 2 23- 25 24.55 IJ ,93 27-29 28 .91 0.55 
Villosi villosum 10 10 22-29 25 .23 1.57 25-33 29.09 1.70 b 0 
z 
Candi di occidental e 11 8 24-33 26 .41 1. 79 27-40 31.32 2 .47 ~ 
Candi di candidum 8 5 25-33 28 .61 1.. 91 29-40 33 .39 2.07 ~ 
M 
Crnati obovatum 2 2 25-31 28 .0 1. 81 38-42 39 .99 1.18 ~ 
1-rj 
Ornati searlsiae{<- 4 4 27- 35 30 .27 1.91 38-51 43.18 3.31 t""' M 
Purpurei t enuifoJ.iurn 7 5 22 -36 29 .32 2. 26 36-51 43 .17 3 .68 
Purpurei gatting~;r;:i 5 4 27-33 29 .78 1. 78 33-42 38 .15 1. 78 
Purpurei arenicQJ.a 7 5 27-35 30.49 1.89 40-55 44.75 2.58 
Purp.irei t 6I1Ue 4 3 27-35 30.95 1.67 38-51 45.77 3.24 
Purp.irei 12uroureum 13 10 25-36 31.01 2 .19 40-55 45.01 3.01 
Purpurei 12ulcherrimum 15 14 27-36 33.24 1. 75 42-55 47.84 2.09 
Purpurei cecumbens 1 1 33-36 34.91 Not cal- 44-49 46.73 Not cal-
culat ed culated 
Table 4. Pollen analysis of inters pecific hybrids of Fetalostemon. SSV indicates that size and 
shape variat i on was noted. Abnoroolities are indiroted in % of the sample that a ppeared 
abnonnal. Asterisk (~~) indicates a field collected hybrid between E· purpureum and 
f . pulcherrimuru (Wemple 402 Ea rsrall Co., Okla.) 
Female parent lfale parent No. of No. of 1Nidth inµ. . Length in.µ f.\ bno rrral-
samples plants Range i!ean Rang .:: Jr. ean ities 
33-36 8% 
::i::i J:. can:l.idum x E_. occidentale 2 2 25-31 2B.O 33.91 M 
< H 
f,. tenuifolium X E. . purpi.:reum 4 3 29-33 31.05 36-47 42 .77 ssv, (fl H 
15-70% 0 z 
_E. purpureum x E· tenuifolium 1 1 31-36 32 .0 40-51 44.91 5% 0 ~ 
_E. tenuifolium X f. 12ulcherrimum 1 l 29- 33 31.09 44-Lf7 45.64 -- '"d M 
t-3 
f.. tenuifolium X E· are:i:i.icola 14 13 25-35 29.88 33-47 42.91 ssv :;i:.. t< 
E· ·tenuifolium 25-33 30.18 40-46 40.36 ssv 0 J:. arenicola x 1 1 (fl 
t-3 
E· gattingeri x E_. tenuifolium 1 1 29-33 30.36 36-42 39.09 ssv, M 
20% 6 
z 
E_. gattinger i x E_. purpureum 2 1 25-31 28.82 36-44 36.29 ssv 
E· pur12ureurn X- f. ~ttingeri 2 2 27-33 30.09 42-51 44.10 ssv 
f. arenicola x ,E. gattingeri 1 1 29-31 29.45 38-44 42.54 
f.. arenicola x E. purpur eum 2 2 29-35 30.91 42-51 46.36 
E,. arenicola x ,I. pulcherrim!.Yil 3 3 29-36 32 .16 42-51 45.27 ,_. 
-J 
...... 
CXl 
Taple 4 ( C.ontinued) ~ 
Female parent V.ale parent No. of No. of '.: idth in µ . Length inµ AbnonnaJ-
samples plants Range Mean Range Nean ities 
,E. nulcherrirturn X I· a renicola 3 3 29-36 32.24 40--53 45. 51 
.E. our12ur ewn x f. [iulCh errimurn 1 1 33-35 33. 27 42-51 44.73 
f.. c ulcherrimum X £.. ou n iureum 2 1 31-36 33.18 36-1+5 47. 84 
t:J 
.[ . ['Urrureum x f. terme 3 2 29- 33 30 .61 42-45 42.97 -- 0 z 
402;:·- 3 l 31-36 32 . 91 47-56 51.15 -- ~ 
f.. tenuifolium x 402-::- 1 l 29-33 31.09 40-47 44.0 ssv ~ M 
.E. 2ur12ureurr x 402~' 2 2 29-36 32. 73 42-47 44.36 30-6o% ~ "d 
t"' 
400' x f. arenicola 1 1 29-33 30.91 47-53 48.91 M 
(L. tenuifolium X f. arenicola) X 3 3 27-33 30 .18 40-45 42 . 54 ssv, 10% 
Self 
(,E. arenicola X f.. gattingeri) X 2 2 27-35 29.91 38--45 39.91 ssv' 5% 
Self 
(J:. purpurewn X f. gattinP.:er i) X 1 1 33-38 34. 73 40-45 43.27 40% 
Self 
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crosses with all other species and seemed to hold true re gardless of 
whether!'· tenuifolium was used as the staminate or pistillate parent. 
Data is also presented on a limited number of second generation hybrids, 
most of which show a high proportion of abnormal pollen grains. 
THE GENUS PETALOSTEMON 
Petalostemon Michx. Fl. Bor. Am. 2:48. (1803) . Norn. Cons. 
Type species P. candidum Michx. -Type material in P. 
Anonymos Walt. Fl. Carol. 102-103 (1788). 
Dal ea Jus s. Gen. Fl. 355. ( 1789 ) . 
Kuhnia Gmel. Sy st. Nat. 2: 37 5. ( 1791) pro parte. 
"KuhrriStera Lam. Encycl. Meth. 3:370. (1792) . 
Psoralea Poir., in Lam. Encycl. 5:694. (1804) pro parte. 
Gatesia Bertel. Novi. Comm. Acad. Sci. Inst. Bonon. 9:212-214. 
( 1849) . 
Gavesia Walp. Ann. Bot. Syst. 950. (1852). 
Nomenclature 
The fir st specimen of Petalostemon returned to the Old World was 
collected by Walter (loc. cit. ) , and described as 1 1Anonymos Kuhnis 
affinis. pinnat, 11 The following year, Jussieu (loc. cit. ) included the 
Walter species ~ithin Dalea- a resurrection of a name used by Linnaeus 
(1737) in the first edition of Genera Plantarum, but subsequently dropped. 
Although not mentioning the Walter specimen by name, Jussieu (p. 355) 
follows the description of Dalea with: 
Speciem habeo siccam, habitu flosculosam Eupatorii instar sed 
Daleae fere congenerem cui calix communis polyphyllus irribricatus 
multiflorus, calix proprius inferus 5-partitus plumosus, petala 5 
subaequalia unguiculata, caetera similia. 
Ten years later, Ventenat (1799a, p. 395) corroborated the fact that 
Jus sieu was indeed speaking of Walter 1 s plant. 
La plante dont Jus sieu donne use courte descriptions apre:S avoir 
expose les caracteres du Dalea, est, selon Michaux, L'Anonymos 
de Walter. 
The first valid publication of a name for Walter's specimen was by 
Gmelin (loc. cit.). It was placed in the established composite genus 
Kuhnia as K. pinnata. Lamarck (loc. cit.) applied another binomial, 
~tera:-ca~nsis, to this taxon. ' 
The fir st lucid statement of the similarities and differences between 
the Walter specimen and the other species of Dalea was made· by Ventenat 
( l 799a). The Lamarck genus Kuhnistera was maintained, · but separate 
from Dalea. Included under the latter genus were both 5 and 10 stami-
nate species, thus amending Jus sieu' s original generic concept. Although 
Ventenat cited no species per se, his description of a representative 
Dalea is clearly that of D~rea, a species that he eventually named 
in 1800. -
Ventenat' s previously stated views were expanded in Dissertation sur 
le Genre Dalea (l 799b). But again he presented no species names. The 
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following year ( 1800), his description of Dalea purpu rea appeared. This 
spe cies, now Petalostemon purpureum (Vent. ) Rydb., was described as 
one of a number of "rare and unusual" plants growing in the gardens of 
J.M. Cels in Paris. The seeds of this species were evidently collected 
in Illinois by Michaux several years before and passed into the hands of 
J.M. Cels. 
The year 1803 saw the publication of Michaux' Flora Boreali-Ameri-
cana. In it Kuhnistera was considered akin to the pentastaminate m em-
bers of Dalea, and both were included in the new genus P etalostemon. 
Michaux~L. C. Richard who wrote the diagnoses fo r the Flora (Bar-
neby 1965), chose to ignore both prior specific epithets (pinn~ and 
caroliniensis) for Walter's specimen, although Lamarck's generic name, 
Kuhnistera, was cited in synonymy. The species was called Petaloste-
mon coryrribosum. Other species named were P. candidum, P. carneum 
and P. violaceum (the last falls w ithin the circumscription ofDalea pur-
purea, but Ventenat wa s not cited). --- --
~fore the publication of the Flora Boreali-Americana, Willdenow' s 
third volume of Species Plantarum was issued (1802, according to Schu-
bert 19 42) . Willdenow included species with both 5 and 10 stamens in 
his delirp.itation of the genus Dalea, enumerating several with 5 stamens, 
D. candida ( citing .-P. candidurn Michx.) and D~ . kuhnistera (citing Lamarck 
-;:s well as Walter)-:- -
Poiret (loc. cit.) included a ll the aforementioned species with the 10-
staminate daleas in the genus Psoralea, a treatment similar to the later 
works of Linnaeus. Subsequently, he a gain rejected the idea of a separate 
generic ranking for the pentastaminate species (Poiret 1818, p. 459). 
Le genre Petalostemum de Michaux ne peut etre separe des dalea, 
quoique ses fleurs ne renferment souvent que cinq etamines, seul 
caractere qui le distingue. 
He recognized D. purpurea, D. carnea, D. candida, and D. corym-
bosa. - - --- - --- - ---
--In summary: As of 181 8; the species of the taxon, herein called 
P etalostemon, had been placed under five different generic names, Kuhnia, 
Kuhnistera, Petalostemon, Dalea, and Psoralea. No subsequent authors 
have included the species as a part of Psoralea; that genus was later 
more precisely defined to exclude those species possessing only one 
flower . per subtending bract, pinnate leaves composed of more than three 
leaflets and petals inserted anywhere other than at the floral base. Ex-
cept for Shinners (1949a, b), no authors have included the species of 
Petalostemon within Dalea-although Barneby (1965) strongly argues. for 
their merger. Rather, Dalea has been limited to species possessing 
(7) 9-10 stamens, a more or less papilionoid corolla and petals inserted 
either at the floral base or part way up on the androecial tube-a defini-
tion more in line with that of Michaux than that of Jussieu. Barneby 
(1965), in fact, recommended conservation of Dalea, .sensu L. C. Richard 
in Michx. over other definitions of the genus. --- ---
Petalostemon w as adopted for all the pentastaminate species by most 
19th and 20th century authors; e.g., Pursh (1814), Candolle (1825), Don 
(1832), Torrey and Gray (1838) and Endlicher (1840) among classical 
treatments. Others maintained both Petalostemon and Kuhnistera as 
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separate genera [e.g., Bartling (1830) and Lindley (1853) J-a practice 
continued into the present century by Small (1903, 19 33), Rydberg (1919-
19 20) and, most recently, Hutchinson ( 19 64) . 
Kuntze (1891 ) revived Kuhnistera in place of Petalostemon on the 
basis of its prior publication and made new combinations for the 19 spe-
cies known at that time. As one of the adherents to the American code 
who adopted Kuhnistera, Heller published " Notes on Kuhnistera 11 (1896), 
a definitive work at that time. This treatment included 22 species with 
critical synonymy and nomenclatural notes. The next complete treat-
ment of the genus was by Rydberg (1919-1920) , who, as indicated, sepa-
rated Petalostemon from Kuhnistera; he included 42 species in the for-
mer and 2 in the latter. This was the last complete summary of the 
genus to this date, although Isely ( 19 58) in a generic summary of the 
tribe Psoraleae reconsidered the problems in the delimitation of the 
genus. Since the conservation of Petalostemon over Kuhnistera (Briquet 
1912), all authors employed Petalostemon, at least for the species other 
than P. pinnatum and P. adenopodum. Kuhnistera has been maintained 
as a separate genus byRydberg (1919-1920), Small (1903, 1933) and 
Hut chins on ( 19 64) as previously stated. Isely ( 19 58) as well as authors 
of two recent Carolina floras, Wilbur ( 19 63) and Radford, Ahles and Bell 
( 19 64), unite all species under Petalostemon. 
Gatesia Bertol. and its orthographic error, Gavesia Walp., was ap-
plied to what I consider P. pinnatum trifoliatum. An extended discussion 
of this name may be fou~d in the nomenclatural section for the subspecies. 
There has been controversy over alternative spellings of the noun 
Petalostemon as well as interpretation of the gender (masculine or neuter). 
Michaux originally used the spelling Petalostemum in conjunction with 
neuter specific epithets . Most authors since the original publication 
have used Petalostemon, some considering it masculine, others neuter. 
Rydberg ( 1919-19 20) comments in a footnote, " Originally published as 
Petalostemum, but incorrect as o-T11 µ w v is masculine and has a long o 
in the final syllable. 11 Shinners (1949a, p. 81) employed Michaux' original 
spelling and adds a footnote; 
In the list of nomina conservanda making up the Appendix III of the 
International Rules of Botanical Nomenclature (cf. Brittonia 6: 67, 
19 47), this is altered to the etymologically proper form of P~talos­
temon-in flagrant violation of Article 59 of the same Rules~ 
pressly forqidding such corrections~ 
I have herein adopted both the spelling and gender· indicated by the 
Nomina Generica Conservanda in the citation of the generic type, Peta-
lostemon candiduin. 
Generic description 
Perennial, glandular-punctate herbs with many stems ar1s1ng from a 
well-developed taproot or caudex. Stipules subulate. Leaves usually 
with smaller leaves or reduced stem systems in their axils, odd-pinnate, 
with (3) 5-numerous leaflets; leaflets usually narrow to elliptical but 
s .ometimes broad and almost ovate, usually+ involute. Flowers inter-
minal, globose to cylindrical spikes, each flOwer subtended by a con-
spicuous bract that usually exceeds the length of the calyx in bud; the 
flowers of some species also with bracteoles flanking the base of the 
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calyces. Calyx campanulate to tubular, 3. 0-7. 7 mm long (including 
lobes), sometimes oblique; the lobes deltoid to lanceolate or, less fre-
quently, filiform-plumose. Standard long-clawed, arising from a socket 
near the floral base, the blade oblong to cordate; the four other petals 
arising from the apex of the staminal tube, or very slightly below, inter-
digiting with the 5 monadelphous stamens; claws inserted in prominent 
sockets; blades strap-shaped to oblong, spreading from the floral axis. 
Free portions of the filaments usually diverging from the floral axis, 
equaling or exceeding the length of the androecial tube and usually sub-
equal to the petal apices at anthesis. Ovary globose to elliptical, 2-
ovulate; the style equaling or exceeding the petal apices and anthers 
shortly after anthesis. Pod ovate to lunate, 1- seeded; the stylar beak 
offset to the standard side of the calyx at maturity. The indehiscent 
legume falling enclosed in the calyx. 
Distribution 
Ranging from northern Mexico throughout much of the United States 
north to southern Canada. The greatest number of species is found in 
Texas. One complex extends from the Great Basin northward into the 
Pacific Northwest. Another is found in the southeastern states. The 
principal area in which Petalostemon is absent is the northeastern de-
ciduous fore st. 
Key to the subgenera 
1. Spikes subglobose, compact, disposed in a corymbose manner, 
surrounded by a series of oval to reniform, sterile bracts; 
calyx lobes filiform and plumose; flowers white; restricted to 
the southeastern states. I. Kuhnistera 
1. Spikes various, rarely subglobose or corymbosely disposed, 
seldom with sterile bracts at the base of the spikes; calyx 
lobes deltoid or lanceolate; flowers variously colored, not 
restricted to the southeastern states. II. Petalostemon 
I. Subgenus KUHNISTERA (Lam.) Wemple comb. nov. 
Kuhnistera Lam. Encycl. Meth. 3:370. (1792). 
Introduction 
The three taxa composing subgenus Kuhnistera are united by the pos-
session of three distinctive characteristics: 1) subglobose, compact 
spikes surrounded by a series of oval to reniform, sterile bracts; 
2) spikes disposed in a corymbose manner; and 3) filiform and plumose 
calyx lobes. None of these characteristics is unique within Petalostemon, 
but their combination in this geographically restricted trio of species 
clearly sets this subgenus apart. The plants are endemic to the south-
eastern Coastal Plain of southern Mississippi, Alabama, Florida, Georgia, 
South Carolina and North Carolina. Within this area they are found only 
on the more elevated, drier, sandy areas, locally called "sandhills . 11 
They are usually associated with pines and scrub oaks. Ecologically they 
are sympatric through part of their range with Petalostemon albidum and 
P. feayi. They are the only species of Petalostemon with representation 
in the Carolinas. 
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Meiotic and mitotic preparations of P. pinnatum yield 7 and 14 chromo-
somes, respectively, consistent with the rest of the g enus (Table 2, Fig. 
3D, E). Pollen collected from P. pinnatum s sp. trifoliatum, (Isely and 
Wemple 9177), Holmes County,-Florida, appeared typical of the genus, 
in length averaging 29 microns, in width 20 microns. 
Key to the Species 
1. Leaflets over 2 mm wide; stems with spherical, protuberant 
" glands ' ' becoming more numerous toward the apex of the stem; 
limited to the Florida peninsula. 1. _!'. adenopodum 
1. Leaflets less than 2 mm wide, generally filiform; "glands" 
present on the stem but not spherical-protuberant; not limited 
to the Florida peninsula. 2. _!'. pinnatum 
1. PETALOSTEMON ADENOPODUM (B. L. Robs. ex Rydb.) Wemple 
(Map 1, Fig. 6A-H). 
Petalostemon adenopodum (B. L. Robs. ex Rydb.) Wemple. Based on 
Kuhnistera adenopoda B. L. Robs. ex Rydb. [Improperly published 
as Kuhnistera adenopoda (B. L. Robinson) Rydberg. N. Am. Fl. 24: 
136. (1919-1920)]. -
Petalostemon corymbosum adenopodum B. L. Robs. M. S. in herb. 
Type in GH. (1). 
Kuhnistera truncata Small. Bull. Tcirr. Bot. Club 51:380-381. (1924). 
Type material in NY. (2) 
Nomenclature 
This species was first described by Rydberg (loc. cit.) who based his 
name on a B. L. Robinson annotation label. The type sheet is a mixture 
of P. adenopodum and P. pinnatum ssp. pinnatum. Robinson identified 
both on the annotation label as respectively: " P. corymbosum, var. 
adenopodum, Rob. n. var. " and " P. corymbosum, Michx. typical form. " 
Rydberg's description is headed by: 11 2. Kuhnistera adenopoda (B. L. 
Robinson) Rydberg sp. nov. , " giving Robinson full credit for the specific 
epithet even though it was not validly published. I have designated the 
citation as, " Robs. ex Rydb., " a procedure possibly not without question, 
but it seems the most logical course. Rydberg limits the species to the 
Tampa Bay Region of Florida 1 s west coast, the location of the original 
Garber collection on which the name was based. 
Small proposed the species Kuhnistera truncata based on an F. C. Rane 
collection at Earman, Florida, March 2, 19 21, also citing other collec-
tions along the east coast of Florida at Jupiter, "many years ago, " by C. 
Hitchcock. Small's discussion is confusing since he begins with an ack-
nowledgment of Rydberg's K. adenopoda and then compares his species 
with K. pinnata {P. pinnatu~) rather than K. adenopoda. He comments 
on the difference-in leaflet width and the more open inflorescence in his 
species, but attaches special emphasis to the truncate petals. He makes 
no explicit comparison with~· adenopoda. Had he done so, he would 
have found no essential differences. With regard to petal shape, I have 
examined petals of specimens throughout the range of P. adenopodum 
including several sheets annotated in Small' e hand, "K-;- truncata." 
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Map 1. Geographic distribution of the species of subg. Kuhnistera. 
Fig. 6 shows examples of the variation found. There seems no correla-
tion between petal conformation and distribution. In contrast to P. pin-
natum, the petal shape is quite different, as Small points out. It is 
possible that Small, in studying specimens from the east coast of Florida 
and presuming that Rydberg's species, K. adenopoda, was restricted to 
the west coast, cast around for a character on which to base a new spe-
cies and seized on the seeming variation in petal shape. 
Description 
Plants lacking a prominent caudex, the root often red. Stems dark, 
glabrous and striate, 1 m or shorter, covered with spherical, protuber-
ant secretory cavities (" glands '' ) about 1 mm in diameter, increasing in 
abundance toward the stem apex. Leaves fascicled, less than 2 cm long 
with 3-7 elliptical leaflets, usually 2-3 mm wide and 6-8 mm long, 
paler green on top surface, often involute. Inflorescence corymbose with 
peduncles below the individual flower spikes lacking, the leaves gradually 
merging into involucral-like, oval to reniform, sharply acuminate, ciliate, 
sterile bracts. Calyx villous, tube 2-3 mm long, lobes plumose, 4. 0-
4. 5 mm long. Corolla white, standard lanceolate, sometimes truncate, 
0. 8 mm wide, 3. 5 mm long, equaling cla..w; apical petals lanceolate, 
sometimes truncate, blades 1. 0 mm wide, 3. 0 mm long, claw 1. 2 mm 
long. Androecial tube 5-6 mm long, almost equaling tips of calyx lobes, 
stamen filaments 4. 0 mm long, spreading at anthesis. Ovary 2. 0 mm 
long, bearded on the distal 2/3, predominantly so on the upper surface; 
style 10. 0 mm long bearded proximally over 1/2 its length. 
Distribution and phenology 
Restricted to the lower half of peninsular Florida. 1 Limited to the 
1 A northern extension to the range is suggested by three collections from 
St. Johns county in Northeastern Florida. All are collections of Mary C. 
Reynolds (187 4-18 77). The labels state St. Augustine, Florida. It is 
possible that this was her place of residence and not necessarily the 
location where the plants grew. 
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Figure 6. Petal variation in subgenus Kuhnistera. 
A-H, apical petals and standards of P. adenopodum. 
I, apical petals and standard of~. pinna tum s sp. pinna tum. 
A. Garber year 1887, Hillborough Co., Fla. (isotype of 
P. adenopodum). 
B. Schallert 20850, Orange Co., Fla. 
C. Reynolds 10025, St. Johns Co., Fla. 
D. Deam 2817, Pinnelas Co., Fla. 
E. Small 2307, St. Lucie Co., Fl a. 
F. West and West 4 Nov. 1945, Martin Co., Fla. 
G. Harden et al. 14080, Collier Co., Fla. 
H. Kent 24 Oct. 19 42, Broward Co., Fla. 
I. P. pinnatum ssp. pinnatum, Young, South Carolina. 
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higher, drier sandy areas. Often associated with turkey oak (Quercus 
laevis Walt.), long leaf pine (Pin us australis Michx.) and saw palmetto 
~noa repens Small), a habitat similar to that occupied by P. pinnatum 
to the north. Geographically and ecologically sympatric in part of its 
range with P. feavi. 
Anthesis-is from mid-September to late November. 
The poor representation of this species in major herbaria perhaps 
represents as much a paucity of collectors as a rarity of the plants (see 
Shinners 1964). During 2 days collection across peninsular Florida, P. 
adenopodum appeared common in its preferred habitat. 
2. PETALOSTEMON PINNATUM (Gmel.) Blake 
Description 
Stems slightly branching, up to 1. 1 m tall; moderately striate, glab-
rous with "glands" prominent but not protruding above the surface of the 
stem and not increasing in number toward the stem apex. Leaves fasci-
cled, 1-2 cm long, bearing 3-13 linear-filiform, usually involute leaf-
lets less than 0. 9 mm broad. Inflorescence corymbose, simple or com-
pound; peduncles below the individual flower spikes lacking, the apical 
leaves merging into several whorls of oval to suborbicular, ciliate-
acuminate, sterile bracts. Flowers disposed in compressed spikes. 
Calyx villous, tube 2 mm long, lobes plumose-filiform, 3-6 mm long. 
Corolla white, standard lanceolate, cuneate at the base of the blade, 1 mm 
wide, 4 mm long, equaling the claw; apical petals similar to the standard 
but with claws only 1. 0-1. 5 mm long. Androecial tube 5 mm long, the 
free portions of the filaments 5-6 mm long. Ovary 2 mm long, the 
style 10 mm, both bearded. 
Key to the subspecies 
1. Leaflets 5-13; spikes arranged in a compound corymb; ranging 
through northern peninsular Florida, western Georgia, South 
Carolina and North Carolina. 2a. !'· pinnatum ssp. pinnatum 
1. Leaflets 3; spikes arranged in a simple corymb; limited to 
southern Alabama, southern Mississippi, the panhandle of 
Florida and central Georgia. 2b. !'· pinna tum s sp. trifoliatum 
2 a. PETALOSTEMON PINNATUM SSP. PINNATUM (Gmel.) Blake 
(Map 1, Fig. 6!) 
Petalostemon pinnatum (Gmel.) Blake. Rhodora _!]:131. (1915). 
Based on Anonymos pinnat. Walt. 
Anonymos Kuhnia affinis pinnat. Walt. Flor. Carol. 102-103. (1788). 
Type at BM. (l~ --
Kuhnia pinnata Gmel. Syst. Nat. 2:375. (1891). Based on Anonymos 
pinnat. Walt. 
Ku~ra caroliniensis Lam. Encycl. Meth. 3:370-371. (1792). 
Based on the description of Anonymos pinnat". Walt. 
Dalea kuhnistera Willd. Sp. Pl. 3: 1337. ( 1802). Based on Kuhnistera 
---caroliniensis Lam. -
Petalostemum corymbosum Michx. Flor. Bor. Am. 2:40. (1803). 
Based on Anonymos pinnat. Walt. 
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Psoralea corymbosa Poir. in Lam. Encycl. 5:694-695. (1804). 
Based on Petalostemon corymbosum MichX. 
Kulmistera pinnata (Walt. ) Kuntze. Rev. Gen. 1:1 9 2. (1891). Based 
on Anony~innat. Walt. -
Petalostemwn ca~iense (Lam.) Sprague. Kew Bull. 1939:331. 
N omencla tur e 
As previously discussed in the historical review of the genus, there 
have been many names applied to this taxon. The first specific epithet 
proposed by Walter (pinnatum) was published in the "genus Anonymos. 11 
The Anonymos names are outlawed by Article 20 of the Code of Botanical 
Nomenclature ( Lanjouw 19 61 ) , and the Blake combination in Petaloste-
mon was not made until 1915. Gmelin, however, in 1791 used this 
specific epithet under the genus Kuhnia following the established line of 
thought at the time that the specimen was a Composite. 
Sprague (loc. cit.) based his combination P. caroliniense on the La-
marck publication presumed to be published in 1789. The recent work 
by F. A. Stafleu ( 19 63) dates Lamarck's volume as 179 2 rather than 178 9 
when the series started. Hence, the (Gmel.) Blake combination should 
be adopted. I am indebted to Mr. Rupert Barne by for calling the correct 
publication date of this volume to my attention. 
Observations 
Subspecies pinnatum is distinguished from subspecies trifoliatum by 
possessing more than three leaflets and having the spikes disposed in a 
compound rather than a simple 11 corymb. 11 The range of the two is for 
the most part distinct, but they are sympatric in Franklin and Leon 
counties in the panhandle of Florida and in Richmond county in north-
eastern Geor gia. Subspecies pinnatwn throughout its southern rang e 
usually has 5 to 9 leaflets, but specimens with a higher leaflet number, 
11-15, occur in the more northern part of the range, particularly South 
Carolina. Usually the leaflets are involute, presenting an almost fili-
form appearance. Three collections from South Carolina lack involute 
leaflets, and the plants look remarkably different until one realizes that 
the leaflets are simply flat rather than tightly rolled. It is possible that 
these represent a geographic variant of this taxon. The northern popula-
tions also frequently show a less well-developed inflorescence, some 
even possessing a simple "corymb" as found in subspecies trifoliatum. 
Di stribution and phenology 
A common plant of the high, dry, white sand scrub. Ranging from 
central peninsular Florida, where it replaces the more southern P. 
adenopodum, through eastern Georgia and the Carolinas. Consistently 
associated with long leaf pine (P. australis) and turkey oak (Q. leavis) 
and, throughout its Florida range, the Petalostemon albidwn-:-
Anthesis, September to early November. 
2b. PETALOSTEMON PINNATUM SSP. TRIFOLIATUM (Chapm.) Wemple 
(Map 1, Fig.lOC) 
Petalostemon pinnatwn ssp. trifoliatum (Chapm.) Wemple. Based 
on Petalostemon corymbosus var. trifoliatus Chapm. 
Petalostemon corymbosus var. trifoliatum Chapm. FL S. U.S. 100-
101. (1897). Type in US. (1)(2). 
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Gatesia alabamensis B e rtol. Novi Comm. Acad. Sci. Inst. Bonon. 
~2-214, Tab. x fi g . I. (1849). Type destroyed at BOLO during 
World War II. (2 ) . 
Gavesia alabamensis (Bertol.) Walp. Ann. Bot. Syst. 950. (1852) . 
Based on Gatesia alabamensis Bertol. (2) . 
Nomenclature 
Chapman, in presenting variety trifoliatus, separates it from the 
typical P. corymbosus on the following characteristics: 1) it is g land-
less or ~early so; 2) it possesses 3-4 broadly ovate, acute bracts; 
3) the style is ciliate below the middle; 4) the p e tals are acute; and 5) the 
leaves are " mostly" trifoliate. To my obser vation, the two subspecies 
are indistinguishable in all the aforementioned characteristics except the 
last. Although Chapman did not cite a type or even a type locality, his 
numerous collections of this taxon (4-NY, 3-US, 3-MO) clearly indicate 
his understanding of it. I accept a lectotype, his N o. 6097, October 189 7, 
Apalachicola, Florida (US 335288) . A duplicate of this collection is at NY . 
Gatesia alabamensis Bertol. was describe d from a plant collected in 
Alabama and named in honor of the collector, Dr. Gates. The reg ion of 
collection would indicate that 'it belonged in subspe cies trifoliatum, al-
though the description does not indicate the leaflet number. A colored 
drawing following the article plainly shows trifoliate leaves but a com-
pound corymb. Throughout the rang e of subspecies trifoliatum, there 
are occasional individuals possessing compound corymbs. Their occur-
rence seems to have no geog raphic basis, and they always possess tri-
foliate leaves. Assuming the accuracy of the artist, this is perhaps one 
of them. Since the type specimen was destroyed at Bologna during World 
War II (R. Savelli, pers. comm. 19 64) , this question may never be 
answered. 
Gavesia appears to be merely an orthographic error, a substitution of 
" v " for a "t. 11 Walpers (loc. cit. ) gives Bertoloni full credit for the ori-
g inal name but places it in synonymy. 
Distribution and phenology 
Limited to southern Mississippi, southern Alabama, the panhandle of 
Florida and extending northward through the interior of G eorgia. Appar-
ently occupying a sim.ilar habitat to that of subspecies pinnatum but to the 
west of that species. Associated with long leaf pine (P. australis) and 
turkey oak (Q. leavis) and ecolog ically sympatric with-P. gracile, but 
occupying a different habitat. A nthesis from early September to late 
October. 
As one travels from west to east thr ough southern Mississippi, Ala-
bama and the panhandle of Florida, a gradient in anthesis time is obvious; 
the more easterly plants bloom several w eeks earlier than the western 
populations. 
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Figure 7. Variations in apical petals of Petalostemon occidentale 
throughout its range. A-C. Petals of specimens annotated 
in Rydberg 1 s hand as!'· truncatus. D-I. Petals of P. 
o cc identale. 
A . Pringle 1216, Guerrero, Chihuahua (US). B. Pringle 1216, 
G uerre ro, Chihuahua (NY). C. Nelson 7248, below Pacheco, 
Chihuahua. D. Warnock 323, Brewster Co., Texas. E. Liv-
ingston 49 6, El Paso Co., Colorado. F. Rydberg 1480, 
Hooker Co., Nebraska. 9 . . Stevens 998, Greer Co., Okla-
homa. H. Rydberg 59, Deuel Co., Nebraska. I. Wemple 3. 5 
rootstock in cultivation from Woodbury Co., Iowa. J. Wemple 
165A, seedling in cultivation, the progeny of Wemple 3, 5. 
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Figure 8. Type specimen of Petalostemon arenicola Wemple. 
Deposited in ISC. 
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II. Subgenus PETALOSTEMON Michx. Fl. Bor. Am. 2:49. ':<18 03). 
Key to the Sections 
1. Calyx glabrous throughout or villous-ciliate on the lobes only 
(in!'· occidentale and!'· microphyllum puberulent overall); 
bracteoles usually present flanking the base of the calyces. 
2. Mature stem leaves with 3-11 l eaflets. 
3. Calyx slit dorsally to 1/ 2 its length; standard blade not 
lobed at base, the claw over twice as thick as the apical 
petal claws; limited in distribution to the southeastern 
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United States. A. Carnei 
3. Calyx not slit dorsally to 1 / 2 of its length. standard blade 
basally lobed, the clas the same diameter as the apical 
petal claws; not limited to the southeast. 
4. Corolla rose-purple; known only from New Mexico. 
B. Scariosi 
4. Corolla white; not restricted as above. C. Candidi 
2. Mature stem leaves with more than eleven leaflets. 
5. Corolla rose-lavender, apical petals not strap shaped. 
D. Foliosi 
5. Corolla white, apical petals strap shaped. E. Phleoides 
1. Calyx densely pubescent, at least on the angles and lobes; 
bracteoles lacking. 
6. Stems and leaves spreading pubescent to villous; leaflets 
11- 21; all species restricted to sandy soils. F. Villas i 
6. Stems and leaves glabrous to glabrate (spreading pilose 
in!'. ohovatum); leaflets 5-11 ( 13); not all species 
restricted to sandy soils. 
7. Leaves solitary, seldom fascicled; leaflets broad elliptical 
to almost ovate, seldom involute; spikes often subtended 
by sterile bracts; fertile bracts with scarious margins; 
calyces spreading sericeous-pubescent. G. Compacti 
7. Leaves fascicled; leaflets linear, involute; spikes not sub-
tended by sterile bracts; fertile bracts seldom with 
sca rious margins; calyces with short a ppr es sed or rarely 
s p .· e a ding pubescence. H. Purpurei 
A. CARNE! 
Distinguishing characteristics 
Plants glabrous except for pubescence on margins and inner surface 
of the calyx lobes. Leaflets 3-9 ( 11). Peduncles usually interrupted by 
sterile bracts below the spikes. Calyces flanked by a pair of bracteoles 
arising from the subtending bract; calyx tube slit dorsally more than half 
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its length. Corolla white or pink, the standard claw over twice as thick 
as the apical petal claws. Flowering in mid or late summer. 
Distribution 
Restricted to extreme southeastern Louisiana, southern Mississippi 
and Alabama, Florida and Georgia. 
Observations 
Four species are recognized in this southeastern complex. ~· feayi 
is distinct f rom the other three on the basis of several unique characters. 
The remaining three are differentiated easily by utilizing multiple char-
acteristics. The intermediacy of P. albidum between P. gracile and P. 
carneum in many characteristics wggests that P. albidum is possibly-
of hybrid origin. Support for this hypothesis is also found in the habitat 
occupied by P. albidum-disturbed areas-which possibly ~came into 
existence with the advent of man; the geographical distribution of P. 
albidum, intermediate between the putative parents; and, the discovery 
of introgressive populations. That P. feayi has not entered into active 
hybridization with the other three species is indicated by its uniformity 
in many characteristics. 
A detailed analysis of this complex of species has been undertaken and 
will be published at a later date. 
Cytology 
The gametic chromosome number is uniformly n = 7 in the four spe-
cies (Table 2, Fig. 3, A, C, F, H ) . Although a deter~ination on P. feayi 
has been previously reported (Turner 1963) , those for the othe-; three 
species are new. All counts were made from field collections and draw-
ings were made of meiotic figures in pollen mother cells at pachytene, 
diakinesis, meta phase or incipient tetrad stages. Without exceptions, 
pairing was normal as was cytokinesis . Voucher specimens were de-
posited at ISC. 
Key to the Species 
1. Flowers white; ranging from southern Mississippi through the 
panhandle of Florida, central and southern G e orgia and the 
Florida peninsula. 
2. Stems weak, usually less than 1. 1 mm thick at the base; 
leaves remote, not fascicled, leaflets 7-9, usually 2 mm 
or more wide, rachis extension beyond the apical pair, 
0. 8 mm or greater; peduncles short, usually less than 50 mm, 
with bracts less than 2 mm long, buds with bract tips recurved; 
limited to the Florida panhandle and southeastern Geo r gia, 
southern Mississippi and southern Alabama. 3 . ~· gracile 
2. Stems stout, usually greater than 1. 1 mm at the base; leaves 
close and fascicled, leaflets 5-7, usually less than 2 mm 
broad, rachis extension less than 0. 8 mm; peduncles usually 
50 mm or longer with bracts longer than 2 mm; buds with 
straight bracts; central and southern Georgia and the Florida 
peninsula. 4. P. albidum 
1. Flowers pink; peninsular Florida and Southern Georgia. 
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3. Spikes cylindrical; bracts longer than the calyx tube; 
anthers equaling petals at anthesis. 5 . P. carnewn 
3. Spikes globose; bracts shorter than the calyx tube; anthers 
exserted beyond the petal apex. 6. P. feayi 
3. PETALOSTEMON GRACILE Nutt. (Map 2) 
Petalostemon gracile Nutt. Jour. A cad. Nat. Hist. Phil. 7 :9 2. (1834). 
Type in PH:-flf(2). 
Petalostemum bicolor Bertel. Mem. Acad. Sci. Inst. Bologna 
2:273-274 +illus. pl.13, f. l. (1850). (2). 
Ku~istera gracilis (Nutt. ) Kuntze. Rev. Gen. Pl. 1: 19 2. ( 1891). 
Based on Petalostemon g racile Nutt. 
Description 
Root with strong napiform development from which radiate multiple, 
usually unbranched, weakly assurgent, usually nonstriate stems, 3-6 dm 
long and 0. 6-1. 3 mm in diameter. Internodes at the middle of the 
stems 9-32 mm in length, usually longer than the leaves. Leaves soli-
tary at the nodes, usually subtended by a single rib, gradually fading 
basally into the round stem; rachis from 8- 22 mm long, extending be-
yond the terminal pair of leaflets 0. 7-2. 8 mm. Leaflets on mature 
leaves 7-9, glabrous, 5. 5-12. 0 mm long, 1. 2-3. 8 mm broad, always 
less than 5 times as long as broad, elliptical to elliptical-oblanceolate. 
Peduncles 0. 4-10. 8 cm long, with sterile bracts up to 2. 8 mm in length 
disposed at varying distances below the spikes. Spikes columnar, 6-15 
mm long, 6-8 mm wide, about 1. 5 times as long as broad. Bracts 
elliptical, equaling or slightly less than the lobes at anthesis, the tips 
usually recurved, a pair of subulate, often ciliate bractioles arising 
from the base of each. Calyx tubular, slit dorsally to more than half its 
length; the tube 1. 9-2. 6 mm long, glabrous, glistening white, the rachis 
attachment point below the longitudinal calys axis; ventral lobe 0. 5-1. 2 
mm long, green, fleshy and pubescent on the inner surface and margins; 
glands apparent at the base of the lobes on drying. Corolla white, the 
standard shorter than the other petals and relatively narrow, the blade 
1.1-1.9 mm wide, rounded at the apex; the claw 3-4 times as thick as 
the claws of the apical petals. Apical petals uniform in shape, the two 
medial petals inserted lower than the two lateral petals; claws 1. 2-2. 9 
mm in length; blades 1. 3- 2. 9 mm long. Stamina! tube not exserted 
beyond the calyx lobes, filaments shorter than petals, anthers yellow. 
Ovary always glabrous, style bearded proximally to 1 /3-1 /2 its length, 
predominantly on the lower surface. 
Distribution and Phenology 
Petalostemon gracile is limited to southern Mississippi, southern 
Alabama and the panhandle of Florida. Anthesis is from mid-August 
through September. 
Observations 
Petalostemon gracile is commonly found in low grassy areas in asso-
ciation with uncut, long leaf pine (P. australis). On several occasions it 
was found growing in close proximity to Sarracenia bogs. It was never 
collected in disturbed habitats. 
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P. gracile has a very short flowering period as compared with the 
closely related species, P. carneum and P. albidum. This is dictated 
in part by the fact that the major stems of P. gracile rarely branch; 
hence, there is seldom more than one terminal flower spike for each 
shoot. Additionally, anthesis of all the spikes on a plant beg ins almost 
simultaneously. 
P gracile P. albidum 
~ --· 
Map 2. Geographic distribution of Petalostemon g racile and_!'. albidum. 
4 . PETALOSTEMON ALBIDUM (T. and G.) Small (Map 2) 
Petalostemon albidus (T. and G. ) Small Fl. SE. U.S. 630. (1903). 
Based on Petalostemon carneum f3 albidum T. and G. 
Petalostemon carneum f3 albidum R . and G. Fl. N. Am. 311. (1838). 
Type in NY. (1) (2). 
Petalostemon carneum of Ell. Bot. S. Carol. and Georgia. 2: 176. 
(1821-1824). (2). non P. carneum Michx. 1803. 
Description 
Stems numerous, prostrate to erect, 6-10 cm long, 1. 0-2. 6 mm in 
diameter, usually subtended by three ribs; leaf rachis 7-22 mm in 
length, extension beyond the terminal pair of leaflets less than O. 8 mm; 
leaflets 3-7, commonly 5, involute, 5-12 mm in length, 0. 9-2. 0 mm 
wide, usually about six times as long as wide. Peduncles 5-120 mm 
long with pronounced glands at the apex; peduncular bracts to 5. 5 mm 
long. Spikes columnar, 8-22 mm long, 6- 9 mm wide. Bracts equal-
ing or exceeding the calyx lobes at anthesis, lanceolate, usually with 
straight tips, the base flanked by subulate bracteoles. Calyx tubular, 
glabrous except for inner surfaces of the lobes, entire calyx 2. 7-4. 0 mm 
long, . the tube 2. 1-3. 0 mm long and the ventral lo be 0. 5- 1. 1 mm long. 
Corolla white; standard with claw 2-3 times as thick as apical petal 
claws, blade wider than apical petal blades, 1. 2-2. 9 mm wide; apical 
petals with blades 1. 8-3. 3 mm long, claws 1. 0-1.-9 mm long; claws 
about half the length of the blade. Androecial tube ~eldom exserted be-
yound lobes, anthers yellow, usually equaling the petal apices following 
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anthesis. Ovary always + bearded, the style bearded proximally from 
one-third to more than h~lf its length. 
Distribution and Phenology 
Petalostemon albidum ranges down through Lee county in southern 
Florida and north-northwest into central Georgia. Anthesis occurs from 
early August through September. 
Observations 
P. albidum is restricted to relatively d ry, higher, often disturbed 
habitats- cut-over areas- and particularly in association with turkey 
oak (Quercus laevis). It was in one such disturbed area that a "hybrid 
swarm" was found indicating introgression with P. carneum. Inter-
mediacy of the range of P. albidum between that-of P. gracile and P. 
carneum as well as this preference for a " hybridized habitat" in com-
parison with the older habitats of the last two species suggests the hypo-
thesis of hybrid origin of P. albidum. 
The flowering period i~ somewhat longer than that of P. gracile par-
tially because of moderate development of axillary branches. After the 
main apex has flowered, the lateral branches subsequently bloom. 
5. PETALOSTEMON CARNEUM Mic hx. (Map 3; Fig. 9, D, 4) 
Petalostemum carneum Michx. Fl. Bar . Am. ~:49. (1803). Type in 
P. (1) (2). 
Psoralea carnea (Michx. ) Pair. in Lam. Encycl. 5: 69 4. ( 1804). 
Based ~alostemum carneum Michx. 
Dalea carnea (Michx.) Pair. Diet. Sci. Nat . _!_3:462. (1818). Based 
--on ~stemum carneum Michx. 
Petalostemon roseum Nutt . Am. Jour. Sci. ~:298. (1822). Type in 
GH. (1) (2)-. --
Kuhnistera carnea (Michx.) Kuntze. Rev. Gen. Pl. 1:192. (1891). 
Based on PeWostemum carneum Michx. 
Kuhnistera rosea (Nutt.) Kuntze. Rev. Gen. Pl. 1: 19 2. ( 1891). Based 
on Petalostemon roseum Nutt. 
Description 
Stems many, erect, 5-10 dm long, fine- striate, usually branched 
above, 1. 5- 5. 5 mm thick; internodes 3- 23 mm long. Leaves fascicled, 
The rachis 6.5-23.0 mm long, often curving when dried, extending less 
than 0. 8 mm beyond the terminal pair of leaflets; leaves subtended by 
three stem ribs, or ribs lacking -never a single rib; leaflets 5-11, 
usually 9, moderately involute, 5-11 mm long and 1-3 mm wide, usu-
ally about five times as long as wide . Peduncles from 11-200 mm long, 
usually glandula r at the apex; peduncular bracts subulate, 0. 8 - 6. 0 mm 
long. Spikes columnar, 10- 31 mm long and 7-10 mm wid_e. Bracts 
usually equaling lobes at anthesis, lanceolate with straight tips, their 
base flanked by subulate bracteoles. Calyx tubular becoming strongly 
ribbed upon drying, glabrous except for inner surfaces of the lobes and 
their margins, entire calyx 3. 3-4. 7 mm long, the tube 2. 2-3. 4 mm 
long and the ventral lobe 0. 8-1. 8 mm long. Corolla pink. the standard 
blade orbicular, emarginate and wider than the apical petal blades, 1. 2 -
2. 9 mm wide, the claw twice as thick as the claws of the apical petals; 
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apical petal blades 1. 9-3. 9 mm long, the claws 0. 7-1. 7 mm long, less 
than half the length of the blade. Adroecial tube often equaling the calyx 
lobes; anthers extended, equaling the length of the petals, yellow-orange 
at anthesis. Ovary usually be arded or at least slightly pubescent; style 
bearded proximally from one-third to more than half its length. 
Distribution and Phenology 
Petalostemon carneum occurs throughout the Florida peninsula and 
southeastern Geor gia. Flowering extend s throughout the calendar year 
but maximum blooming occurs from June through September. 
Observations 
P. carneum is found in wet, low, undisturbed environments or in low 
areas where palmettos (Serenoa r e pens) have become the dominant vege-
tation. Axillary branching is the rule in this spe cie s and often, a " pseudo-
corymb" is formed by axillary spikes that surround the terminal ones. 
In frost-free areas of its distribution, repeated axillary branching thus 
allows year- round flowerin g . 
P. carneum P feayi 
Map 3 . Geog raphic distribution of Petalostemon carneum and P. feayi. 
6. PETALOSTEMON FEA YI Cha pm. (Map 3, Fig. 9D, 1- 3) 
Petalostemon feayi Cha pm. Fl. S. U.S. ed. 2. 615 ( 188 3). Type in US. 
(1) (2). --
Kuhnistera feayi (Cha pm.) Nash. Bull. Torr. Bot. Club 22: 149. ( 189 5). 
Based onPetalostemon feayi Chapm. 
Description 
Stems numerous, 2-6 dm long arising from a horizontal rootstock or 
caudex; the central stems erect, the peripheral ones reclining, the whole 
often forming a hemispherical clump; the lower portions of the stems 
often with a corky exterior, the upper portions branching, finely striate 
or smooth; internodes 4-1 6 mm long. Leaves fascicled, rachis 8-22 
mm long, often curved when dried, extension beyond the terminal leaflet 
pair aiways less than 0. 8 mm; ribs below leaves often lacking or three 
in number. Leaflets on mature leaves 7-9, usually 7, filiform, invo-
lute, often curved when dried, 5-13 mm long and 0. 5-1. 4 mm broad, 
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Figure 9 . Floral parts of section Candidi (A-C) and Carnei (D) . 
Seeds and ovary drawings x 15, other drawings x 5. 
A. P. candidurn. 1. lateral view of flower. 2. ovary. 
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3. seed. 4 and 5. two views of a teratological stamen-petal. 
The teratology is bilateral-exactly one-half petal, one-half 
stamen. 
B. P. occidentale. 1. lateral view of flower. 2. ovary. 
3. seed. 
C. P. multiflorum. 1. lateral view of flower. 2. seed. 
3. standard-slightly folded at the center of the blade due to 
the concave nature of the lamina. 
D. P. feayi and P. carneurn. I. lateral view of the flower of 
P. feayi. 2. standard of P. feayi. 3. apical petal of~· feayi. 
4. seed of P. carneum. 
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usually ten times as long as broad. Peduncles 10-80 mm long, usually 
lacking glands at the apex; sterile peduncular bracts 0. 8- 3. 2 mm in 
length. Spikes globose, 6-11 mm long and 7-10 mm wide, the lower 
flowers declined. Bracts shorter than the calyx tubes, narrowly lanceo-
late, strongly keeled, flanked at the base by a pair of narrowly lanceo-
late bracteoles. Calyx tubular, slightly gibbous dorsally, glabrous ex-
cept for a slight ciliation on the inner surfaces of the lobes, 3. 2-4. 5 mm 
long, the tube 2. 5-3. 5 mm long and the ventral lobe 0. 7-1. 4 mm long. 
Corolla pink, rarely white; the standard wider than the apical petals, 
orbicular, 1. 4 -2. 8 mm wide, the claw 3-4 times as thick as the apical 
petal claws; the blades of the apical petals 2. 2-3. 6 mm long, the claws 
0. 9 -1. 8 mm long, about half the length of the blade. Androecial tube 
almost always exserted beyond the calyx lobes, the anthers exserted be-
yond the apices of the petals, orange at anthesis. Ovary globular, glab-
rous, the style lightly pubescent proximally to half its length, occasion-
ally glabrous. 
Distribution and Phenology 
Restricted to the white, dry sands of high pine woods of central 
Florida and southeastern Georgia. Flowering time may extend from 
February to November, but most plants flower from mid-July to mid-
September. 
B. SCARIOSI 
Distinguishing Characteristics 
Stems prostrate, glabrous, covered with reddish- brown, spherical 
glands; leaflets glabrous, cuneate-obovate; spikes subsessile, becoming 
lax in fruit; bracts broad and glabrous with scarious and ciliate margins, 
early deciduous; paired bracteoles present; calyx glabrous except for 
ciliate lobes, prominently glandular between the calyx ribs, the tube slit 
dorsally to over 1/ 3 its length; corolla rose-purple, standard broad-· 
cordate. 
7. PETALOSTEMON SCARIOSUM (Wats.) Comb. nov. (Map 4). 
Petalostemon scariosum (Wats.) Wemple. Based on Dalea scariosa 
Wats. ---
Dalea scariosa Wats. Proc. Am. A cad. 17: 369. ( 1881). Fragments 
----o£ type in NY. (2) (3). 
Petalostemon pro stratum Woot. and Standl. Contr. U. S. Nat. Herb. 
~:138. (1913). Type in US. (1) (2). 
Nomenclature and observations 
I have studied the type specimen of P. prostratum (Winnie Howard 17 
Albuquerque, New Mexico, 1900) and hvo other collections from the 
same locality (Rusby 6 September 1909; Rusby 8 September 1909). Wooton 
and Standley (loc. cit.) cit e another specimen (Wooton 1 August 19 06 
Belen, New Mexico). Mr. Rupert Barne by has examined fragments of 
the type of D. scariosa from the same locality and assures me that the 
two species-are identical (per s. comm. 19 66). 
P. scariosum is very distinctive but shares many characteristics 
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Map 4. Geographic distribution of Petalostemon foliosum, ~· sabinale 
and P. scariosum. 
with P. foliosum and P. sabinale; viz., glabrous stems, leaves and 
calyx-tubes; paired bracteoles flanking the calyces; deeply, dorsally- slit 
calyces, and lavender to pink corollas. The calyx glands of P. scario-
sum are similar in size, shape and color to those of P. sabi~le. All 
three species are restricted endemics, although widely separated geo-
graphically (Map 4). 
P. scariosum differs from the above-mentioned two species in several 
features, among them: 1) prostrate growth habit; 2) lower leaflet number 
and obovate leaflets; 3) wide bracts with prominent, scarious mar·gins; 
4) suborbicular, prominently lobed standard with a narrow claw; and 
5) an elliptically shaped ovary. Therefore, I have not included P. scario-
sum in the Foliosi. Probably it is related to that group, but notto ~ 
same degree that P. foliosum and P. sabinale seem associated. 
In the description of the species~ the author state the stamen number 
to be 6. In all flowers that I have examined, the stamen number was 5. 
Description 
Stems prostrate, 2-6 dm long, round at the base becoming striate 
toward the apex, straw- colored, glabrous, covered with reddish- brown, 
spherical glands. Stipules subulate, 2. 5 mm long or less, often curved. 
Leaves glabrous, solitary; leaflets 7-0 (11), inserted in the distal half 
of the rachis, 6 mm long, 3 mm wide, cuneate-obovate, finely gland-
dotted below. Spikes subsessile, 35-90 mm long, 8-9 mm wide, becom-
ing lax in fruit. Bracts glabrous, margins scarious, ciliate, 2. 5 mm 
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broad, precocious, exceeding the calyx lobes in bud, equaling them im-
mediately before anthesis, then deciduous, leaving a prominent heel on 
the glabrous rachis. Paired, pubescent bracteoles flank the calyx, 1. 3 
mm long. Calyx tube glabrous, 3. 2 mm long, slightly 10-ribbed, with 
3-7 protuberant, yellow, pellucid glands lying between the ribs, each 
gland 0. 2-0. 3 mm long and 0. 1 mm wide; tube slit dorsally to over 1/ 3 
its length, the margin of the slit ciliate; lobes lanceolate, short-ciliate _ 
at the margins and on the inner surfaces, the ventral lobe 1. 3 mm long. 
Corolla rose-purple; standard suborbicular, strongly lobed at the base, 
4 mm broad, 2. 8 mm long; the apical petals 3. 5-3. 7 mm long, 1. 2-2. 0 
mm broad, the claws 0. 7 mm long. Androecial tube not exserted beyond 
the calyx lobes at anthesis. Ovary 1. 8 mm long, 1 mm in diameter, 
slightly ciliate on the distal portion; style ciliate dorsally only at its 
proximal end, 8 mm long. Pod not exserted beyond the calyx lobes, 
slightly ciliate at distal end. 
Distribution and phenology 
Albuquerque and Belen, New Mexico. Known only from these two 
locations in Bernallilo and Valencia counties. Flowering time is August 
to September. 
C. CANDID! 
Distinguishing characteristics 
Stems glabrous; paired bracteoles, ar1s1ng from the calyx attachment 
point on the rachis flanking each calyx; calyx not inflated, + strongly 10-
ribbed, glabrous to slightly pubescent, the tube white, the lobes green 
with prominent glands at their base between the calyx nerves; corolla 
white, the standard strongly lobed basally and the claw the same diam-
eter as the apical petal claws; ovary with characteristic teardrop- shaped 
glands on the proximal lateral surfaces. 
Distribution and ecology 
Wide ranging through the tall grass prairies of the central United 
States, southern Canada, across the short grass plains to the Rocky 
Mountains and south to Arizona, northern Mexico and Texas. Seemingly 
adapted to a wide range of soil types; calcareous prairie soils, rocky 
limestone soils, clays and sands. 
_!'. candidus, occupying the tall grass prairies of the central United 
States and Canada, is gradually replaced to the west by P. occidentale 
and to the south by P. multiflorum. Ecological sympatry occurs, how-
ever, only betweenP. candidum and P. multiflorum. All three species 
are interfertile, butallopatry and spatial separation of populations are 
probably important factors limiting hybridization. Of the three, P. 
multiflorum is distinctive and easily recognized, whereas there has been 
little agreement among botanists regarding the characteristics of the 
other species. Isely and Welsh (1960) reviewed the controversy in detail, 
illustrating how, with multiple characteristics, the two species may be 
delimited. The sork is summarized by Isely ( 19 62). 
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Key to the Spe cies 
1. Leaflets 9 -13 (5 on depauperate specimens) , uniform over t he 
entire stem; spikes globose to ovoid, less than 1. 5 cm long, 
entire inflorescence corymbose; bracts shorter than the calyx 
tube in bud and scarcely exceeding the tube at anthesis. 
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8. P . multiflorum 
1 . Leaflets 5-9; lower leaves often with larg er leaflets than upper 
ones; spikes cylindrical, usually exceeding 1. 5 cm, not corym-
bosely arranged; bracts exceeding calyx lobes in bud equaling 
or exceeding them at anthesis. 
2. Rachis elongating in fruit, separating calyces; calyx usually 
finely puberulous, strongly 10-ribbed. 9. P . occidentale 
2. Rachis not elongated, calyces remaining close together even 
in fruit; calyx glabrous, 10-ribbed but with rounded ridg es. 
10. P. candidum 
8. PETALOSTEMON MULTIF LORUM Nutt. (Map 5, Fig. 9 C) 
Petalostemon multiflorum Nutt. Jour. Acad. Nat. Sci . Phils. 7: 9 2-
93. (1834) . Type in PH. ( 1) (2) . 
Kuhnistera multiflora (Nutt .) Heller. Mem. Torr. Bot. Club 5 : 19 7. 
( 18 9 4). Based on P. multiflorum Nutt. 
Kuhnistera candida multiflora (Nutt.) Rydb. Cont. U . S. Nat. Herb. 
2_:154. (1895). Based on P. multiflorum Nutt. 
Description 
Plants with coarse, black root system terminating in a woody caudex, 
occasionally with short rhizomes. Stems many, 3-8 dm long, the cen-
tral ones erect, the lateral ones almost horizontal often giving a hemi-
spherical appearance to the entire plant; stems glabrous, round when 
fresh, drying striate above, pale straw color with prominent yellow to 
red glands; much branched, especially in the upper half of the stem, the 
uppermost flowering branches usually leafless. Stipules lance- subulate, 
1- 2 mm long, chartaceous, usually fugacious. Mature leaf rachis 5- 15 
(25) mm long, never extended beyond the terminal pair of leaflets more 
than 0. 5 mm. Leaflets (5) 7-13, linear-oblong or linear-oblanceolate, 
often obtuse or mucronate, 6-14 mm long and 2-13 mm wide; prominently 
gland-dotted only on the lower surface. Flowers di sposed in numerous, 
short, usually globose spikes, 8-12 (25) mm long and 8-10 mm thick, 
t e rminating the many upper branches of each main stem. Spike subtended 
by a whorl of sterile bracts that persists even after fruits fall from the 
rachis; fertile bracts never exceed the calyx lobes in early bud and are 
usually shorter than the calyx tube at anthesis, 2. 0-2. 4 mm long, early 
deciduous, leaving a prominent " heel" on the rachis. Lance- subulate, 
ciliate, bracteoles arose laterally and abaxially from the calyx attach-
ment point on the rachis in close proximity to the "heel," 0. 1 mm wide 
at the base, 1. 4-1. 8 mm long. Calyx tube white, the base suffused with 
pink, drying straw-colored and strongly 10-ribbed, 2. 2-2. 6 mm long, 
1. 6-2. 0 mm high; lobes green, deltoid, ciliate on margins, 1. 0-1. 4 mm 
long, terminating in a gland; prominent bronze glands between ribs at the 
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Map 5. Geographic distribution of Petalostemon multiflorum. 
base of the lobes. Corolla white, persistent, the standard suborbicular, 
deeply lobed at the base, 3 mm broad, 2. 0- 2. 8 mm long, the claw 3 mm 
long; apical petals oblong, 2. 2-2. 8 mm long, 1. 4-1. 8 mm broad, the 
claw 1. 3-1. 6 mm long. Androecial tube equaling the calyx lobes at an-
thesis; filaments white; anthers pale yellow, slightly exserted beyond 
petals. Ovary 1. 3 mm long, 0. 7-0. 8 mm in diameter, slightly ciliate 
dorsally, otherwise completely glabrous; 4-6 teardrop- shaped protuber-
ant glands are located proximally on the sides of the ovary, the largest 
above, the remainder decreasing in size below; pellucid when fresh, 
drying bronze: style glabrous, inserted on the carpel axis, equaling or 
slightly exceeding the anthers at anthesis. Pod exserted from calyx in 
fruit, the beak directed upward from the calyx axis. All parts of the 
plant producing a pungent odor when crushed. 
Distribution and phenology 
Eastern Kansas south through central Oklahoma, central and central-
eastern Taxas; one collection in Chihuahua, Mexico. Limited to relatively 
dry, rocky prairies. Flowering begins in mid- May for the south Texas 
populations, mid-June for those in Oklahoma and mid-July for those in 
Kansas, concluding in early August. 
Observations 
This species is usually readily distinguished from P. candidum and 
P. occidentale by the possession of many globose spik~s arranged in a 
~orymbose manner and uniform leaves with 9-13 leaflets. Geographically; 
the range overlaps both with!'· candidum and P. occidentale, but, from 
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my field experience, ecological sympatry occurs only with P. candid um. 
Although I have never seen these species growing in close proximity, 
there is evidence indicating occasional hybridization between the two. 
The putative hybrids possess elongated spikes and bracts exceeding the 
calyx tubes, sometimes equaling the lobes at anthesis. The elongate 
spikes are terminal, whereas, the lateral spikes (those producing the 
corymbose pattern, characteristic of P. multiflorum) are often more 
globose. Two such collections are fr;-m the zone of sympatry: Wemple 
396, Cotton Co., Oklahoma, (ISC); and Sizemore 270, Osage Co., Okla-
homa (OKLA). In both, spikes up to 25 mm long are common. These 
characteristics are matched by hybrids between P. candidum and P. 
occidentale I have synthesized in the greenhouse.-
9. PETALOSTEMON OCCIDENT ALE (Gray ex Heller) Fernald (Map 6, 
Fig. 9 B). 
Petalostemum occidentale (Gray ex Heller) Fernald. Rhodora 39 :28. 
( 19 37). Based on Kuhnistera occidentalis Heller. 
? Petalostemum virgatum Nees von Esenbeck in Wied-Neuw. Reise 
Nord-Am. 2:432-433. (1840). (2). 
Petalostemon gracile Gray. Mem. Amer. Acad. II 4:33. (1848). 
not P. gracile Nutt. (1) (2). -
Petalostemon gracile var. oligophyllum Torr. in Emory, Notes Mil. 
Recon. Ft. Leavenworth- San Diego. 139. (1849). Type in NY. (2). 
Kuhnistera occidentalis Gray ex Heller. Trans. N. Y. Acad. Sci. 14: 
33- 34. ( 189 4). Based on " Petalostemon candid us var. occidentilis 
Gray, " unpublished name on Pringle labels. (1) (2). 
Kuhnistera candida occidentalis Rydb. Contrib. U.S. Nat. Herb. 
-3~"4.(1895)-:-Type material in NY. (1) (2). 
Kuhnistera candida diffusa Rydb . Fl. Neb. 59; ( 189 5). Type 
material in NY. (Tf(Z). 
Kuhnistera oligophylla (Torr.) Heller. Bull . Torr. Bot. Club 23: 122-
123. (1896). Based on~· gracile var . oligophyllum. Torr. in 
Emory. 
Petalostemon oligophyllum (Torr.) Rydb. Mem. N. Y. Bot. Gard . 
.!_:237-238. (1900) . Based on~· gracile var. oligophyllum. Torr. 
in Emory. 
Petalostemon truncatus Rydb. Fl. N . Am. ~:124-125. (1919-1920). 
Type in NY. (1) (2). 
Petalostemon sonorae Rydb. Fl. N . Am. 24:125. (1919-1920). Type 
in NY. (1) (-2-).--
Petalostemon candidum var. oligophyllum (Torr.) Hermann. Jour. 
Wash. Acad. Sci. 38:237. (1948). Based on~· gracile var. oligo-
phyllum. Torr . in-Emory. 
Nomenclature 
Except for the unverified virgatum (discussed later) the epithet oligo-
phyllum is the oldest spplied to the taxon. It was not, however, elevated 
to the species level until two years after occidentalis was proposed, 
thereby losing priority . K . occidentale Gray ex Heller is based on an 
unpublished Asa Gray name appearing on Pringle's labels, P. candidus 
var. occidentalis. Fernald, making the combination, Petal~stemon 
occidentale, says: 
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Map 6. Geographic distribution of Petalostemon occidentale . 
. , Heller definitely stated that he was deriving the name from 
one used on herbarium-sheets but unpublished by Gray. It seems 
proper, then to cite Gray as the originator of the name. 
His combination was published as Petalostemon occidentale (Gray) Fer-
nald. According to the current rules, a full citation of the name would 
be, P. occidentale (Gray ex Heller) Fernald; if the author citation is 
shortened, it becomes (Heller) Fernald. 
Since neither Heller nor Fernald designated a type specimen, I have 
selected as a lectotype, a C. G. Pringle collection labeled, 11 Petalos-
temon candidus Michx., var. occidentalis, Gray. Mesas around the 
Mustang Mts. 26 June 1884, 11 (US 24508). 
Petalostemon gracile Gray is Fendler No. 135 from Plantae Fernleri-
anae (Gray 1849). One of this collection is at MO, and it is clearly P. 
~dentale. I have not seen the type of P. gracile var. oligophyll~ 
Torr . in Emory, but according to Heller-(1~ 
The type, but unnamed, is in the herbarium of Columbia University. 
REVISION OF PETALOSTEMON 
On a small slip of paper pasted upon the sheet is recorded in 
Torrey 1 s hand "Emory, Sept. 28th, 1846. Valley of Del Norte . 11 
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Heller continues by commenting that, according to the journal, this col-
lection was made near Albuquerque, New Mexico. The Rydbe r g tri-
nomial, K. candida occidentalis represents the first attempt to merge 
P. candidum~ccidentale and P. multiflorum into a single species 
~ith three var~ties . He cites no -Synonymy but lists 19 representative 
collections, all in NY. His public ation of~· diffusa followed later the 
same year and was said to be like~· c andida occidentalis, " but pros-
trate, decumbent, or diffuse . . Petalostemon g racilis Gray in Pl. 
Fendl. may belong here. Deuel Co ., Rydberg 58. " I have examined 
four collections labeled Rydberg 58, only two of which have labels indi-
cating the same location, although all are from Deuel Co. Three are 
referrable to P. occidentale, but the fourth is definitely P. candid um, 
the most western collection of that taxon . Rydberg does not include the 
epithet diffusa in Flora of North America ( 1919-19 20). 
P. truncatUs Rydb. is based on Palmer 284, NY, collected at Tepe-
huanes, Durango . I have examined the type, an isotype at US, as well 
as three sheets annotated by Rydberg r eas signing them to this taxon. 
The definitive characteristic of this species, according to Rydberg, is 
the presence of petals truncate at the base of the lamina. Had he exam-
ined petals from specimens collected throughout the range of P. occi-
dentale he would have found that truncate petals are not an exclusive 
characteristic of plants from northern Mexico. With regard to petal 
shape, I sampled specimens at random from this taxon (Fig. 7). The 
least truncate petals seen were from one of Rydberg 1 s own collections 
(Rydberg 59, Deuel Co., Nebraska) . The type location of P. truncatus 
is the southernmost spot on the distribution map. -
P. sonorae, another Rydberg name, is based on a Schott collection 
made during the Emory, Mexican Boundary Survey, No . 241. The loca-
tion is shown on the distribution map as the most western Mexican col-
lection. According to Rydber g , it is characterized by having: 1) scat-
tered leaves, 2) long acuminate bracts exceeding the calyces in bud and 
in fruit, and 3) compact spikes. I have examined the type and an isotype 
at NY and find tham both well w ithin the range of variability of P. occiden-
tale. Both specimens have lost most of their upper leaves; the-lo~­
leaves, usually more scattered and larger, remain. The weak midrib, 
characteristic of P. occidentale, is clearly seen. The bracts barely ex-
ceed the calyx lobes in late bud and are usually lost before anthesis. 
There is evidence of some, although not excessive rachis expansion. 
T. H. Kearney recognized this taxon and five Arizona specimens are so 
labeled in US. On one (Peebles 5329) is the comment, "Related to P. 
oligophyllus a n d perhaps not sufficiently distinct . (THK). 11 -
Petalostemon virgatum was included in the synonymy of P. candidum 
by Rydberg ( 1919- 19 20). Perhaps this placement was moti~ted by the 
title of Nees von Esenbeck 1 s paper, "Botany of Missouri." From the de-
scription in the original publication, the specimen would seem to be P. 
occidentale. Particularly indicative of this is, " calyx .. . glaber aut 
pubescentia laxissima minutissimaque conspersus, compressus, ... 11 
I have been unable to locate the Nees herbarium and thus have not seen a 
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type specimen for this name. If the description is verified by a type, 
the epithet has clear priority over all other names and should be adopted. 
Description 
Stems several, branching above, decumbent to erect, glabrous, 4-8 
dm long; coarsely striate, often drying a g laucous, pale green . Stipules 
3. 0-4. 5 mm long, drying brown, fragile. Mature leaf rachis, 10-20 (30) 
mm long bearing 5-7 (9) glabrous, gland dotted, elliptical-oblong or 
oblanceolate, often emarginate, involute leaflets, 5 -10 ( 15) mm long, 
2-4 (5) mm wide; often with large r leaflets at the base of the plant; the 
l eaflet midrib is usually not prominent on the lower surface. Flowers 
disposed in a columnar spike which becomes lax in fruit, 6-8 mm wide 
and up to 70 mm long; occasionally with a few short, sterile bracts at 
varying distances below the spike. Fertile bracts exceeding the calyx 
lobes in bud, deciduous prior to anthesis, usually leaving a short "heel" 
on the rachis. Bracteoles filiform, 1- 2 mm long, slightly ciliate, in-
serted beside calyx attachment point on rachis, quite separate from the 
bract " heel. " Calyx tube white, strongly 10- ribbed drying sharp- ribbed, 
not round-furrowed as in P. cand idum; usually+ pubescent between ribs, 
2. 3-2. 9 mm long, 1. 6-2. 0 mm in diameter; lobes g reen, deltoid-lanceo-
late, ciliate at margins, the ventral lobe 1. 0-1. 3 mm long; prominent 
glands at base of lobes between ribs of calyx tube, drying bronze. Cor-
olla white, standard 2. 6-3. 3 mm broad, 1. 8-2 . 2 mm long, lobed at base, 
the claw 3. 0-3. 5 mm long ; apical petals elliptical-oblong, 2. 5-3. 0 mm 
long, 0. 9 -1. 4 mm wide, the claw 1. 1-1. 3 mm long. Standard tube ex-
serted beyond calyx lobes at anthesis; anthers not extended to petal tips, 
pale yellow, drying yellow- brown. Ovary glabrous save for ciliate fringe 
on dorsal surface, 1. 3-1. 7 mm long, 0. 8-1 . 0 mm in diameter; style 
glabrous, inserted slightly above carpel axis, 8-10 mm long, exceeding 
the petal tips. In fruit, the pod exceeding calyx, the beak directed up-
ward, between dor so-lateral lobes. 
Distribution and phenology 
Southern Alberta, Saskatchewan and southwestern Manitobe, south 
throughout the short grass plains to western Texas, Durango, Arizona 
and southeastern Utah. Western representatives are always found at 
high altitudes, e.g., New Mexico, 6000 ft.+, Arizona, 6000 ft.+, Colo-
rado, 4500 ft.+. Adventive to the east in particularly xeric environ-
ments; e.g., the loess bluffs along the Missouri River at the Iowa-
Nebraska border. Ubiquitous throughout its range except for the lower 
elevations to the west. It is found in sands, limestones and clays. Its 
agg ressiveness is shown by its ability to colonize road cuts. Blooming 
time is from late May until early August, blooming first in the southern 
part of its range. 
Observations 
Petalostemon occidentale can be distinguished from P. candidum on 
the basis of multiple characteristics as previously disc~s sed. Gross, 
visual characters, easily seen in the field are: 1) a more diffuse, spread-
ing growth pattern, 2) a lower leaflet number with smaller leaflets, and 
3) a spike that elongates following anthesis. P. occidentale is not as 
homogeneous a species as P. candidum. Variation appears chiefly in 
leaflet size and shape. Thioughout most of its range, the leaflets are 
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small. If large leaflets are present, they are restricted to the lower 
portions of the stems; however, in Colorado and Montana there are 
specimens possessing only large leaflets. This condition mimics the 
leaflet size found in P. candidum and has been partly responsible for the 
identification of som~ of the Rocky Mountain material as P. candid um. 
In the same general area where the broad leaflet forms are found, the 
more typical plants have also been collected. Variation is also seen in 
calyx pubescence. Many of the wes t e rn specimens lack pubescence en-
tirely. This is particularly evident in those from the southwest. The 
ribs of the calyx nerves are also l ess prominent in the western speci-
mens and some have rather pronounced bract " heels. " In short, many 
of the western specimens seem more " candidum-like " than those found 
in the zone of overlap of the two species. Superficially one might hypo-
thesize that the difference in morphology of the eastern species in the 
sympatric region might be a reflection of a genetic barrier, operating to 
prevent intro g ression with P. candidum. Such a situation, called a " re -
verse cline" (Creed et al. 1969 ; Harper et al. 1961) has been postulated 
in the study of animal species. Such a hypothesis is not warranted in 
this instance, because the two species, even when geog raphically sym-
patric, are not at all ecologically sympatric. P. occidentale is r estrict-
ed to xeric habitats while P . candiduin g rows in the richer more mesic 
prairie habitats. A better explanation for the greater variability of P. 
occidentale as compared with P. candidum might be varying environ~ents 
over the range in which the former species g rows. As indicated, all the 
western populations of P. o ccidental e are high altitude forms. Undoubt -
edly these habitats have-acted as selectors for certain phenotypes differ -
ent from those at the low e r elevations. The variance exhibited by P . 
occidentale is probably a reflection of a basic plasticity within its genetic 
makeup. 
10. PETALOSTEMON CANDIDUM Michx. (Map 7, Figs . 9A; 12B) 
Petalostemum candidum Michx . Fl. Bor. Am. 2:49, tab. 37, 1. 
(1803). TypematerialatP. (1)(2) . 
DaleacandidaMichx. exWilld . Sp. Fl. 3:1337. (1802). 
Psoralea candida (Michx .) Poir. In: Lam. Encycl. Meth. 5:694. 
( 1804). Based on Dalea cand idaWilld. 
Kuhnistera candida (Michx .) Kuntze . Rev. Gen. Pl. 1: 19 2 . Based on 
Petalostemon candidum Michx. 
Nomenclature 
Many authors cite P. candidum (Willd.) Michx. on the basis of the 
earlier publication of Willdenow 1 s Species Plantarum. As Isely ( 19 62) 
points out (}J. 120): 
. since Michaux did not cite Willdenow (the contrary is in fact 
the case), his epithet would seem to be most properly considered 
a new name rather than a combination. The correct citation 
should be P. candidum M ichx. 
It is probably that this species was introduced into Europe at the same 
time as P. purpureum. Both grew together in Illinois (the stated locale 
of the Michaux coll e ctions) and s eeds of both were undoubtedly gathered 
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Map 7. Geographic distribution of Petalostemon candidum. 
and returned to Europe. In support of this hypothesis is a specimen from 
the Herbarier de Ventenat (G) which is labeled, " ex H. Cels." It was 
from a plant growing in the gardens of M. Cells that Ventenat described 
P. purpureum and it is likely that cultivation of P. candidum was attemp-
ted there also. A plausible explanation for Vent~nat not including a re-
port of both species is that P. purpureum flowers more readily from 
seed than does P. candidum-: Seedlings of the latter species rarely 
flower the first-year while those of P. purpureum flower during their 
first growing season. 
Description 
Stems few, arising from a woody caudex, 3-10 dm long, usually erect, 
moderately branching above; glabrous, striate, the protrudin g ribs dry-
ing white or pale green. Stipules white when fresh, drying ct raw-
colored, persistent, subulate, 4-7 mm long. Leaves remote, glabrous, 
slightly fascicled, usually with not more than three small, inconspicuous, 
axillary leaves; rachis green, winged, often expanded just proximal to 
the petiolules forming a tubercle, always extended 1. 0-1. 5 mm beyond 
the terminal pair of leaflets; leaflets 5-9, elliptical to oblanceolate, 10-
30 mm long, 2. 5-7. 0 mm wide, the lower surface dotted with small 
glands and possessing a prominent midrib when dry which usually termi-
nates in a mucro. Peduncles 5-10 cm long, interrupted by prominent 
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sterile bracts, 1-2 cm long, scattered below the spikes. Flowers in 
compact, nonexpanding spikes, 1-8 cm long, 7-9 mm wide, sweetclover 
scented. Bracts precodious and persistent, far exceeding the calyx 
lobes in bud, slightly exceeding them at anthesis; body 2. 0 mm long, 
ciliate margined, expanded and prominently glandular below the acumen; 
acumen subulate, often curved abaxially, abscission leaving a prominent 
"heel" on the rachis; paired, subulate, ciliate bracteoles, 1. 5 mm long, 
flank the base of each flower. Calyx tube neither strongly 10-ribbed nor 
pubescent, usually drying with smoothly rounded longitudinal furrows; 
white, suffused with pink at the base when fresh, drying to a pale straw 
color, 2. 0-2. 5 mm long, 1. 7-2. 0 mm in diameter; lobes green, ciliate 
on margins, lanceolate, the ventro- lateral lobes often directed upward 
overlapping dorsal-lateral lobes; ventral lobe, 1. 4-1. 6 mm long; a pair 
of prominent glands, drying yellow to bronze, immediately below each 
lobe between the calys bundles. Corolla white; standard lamina strongly 
concave and lobed basally, 2. 2-2. 5 mm broad, 2. 0 mm long, the claw 
3. 0-3. 3 mm long; apical petals oblong-oblanceolate, 2. 2-3. 3 mm long, 
1. 2-1. 5mmwide, slightly cuneate at base, the claw 1.8-2. 2 mm long. 
Androecial tube not exserted beyond apex of calyx lobe, 3. 5 mm long; 
filaments equaling or slightly exceeding the petal tips at anthesis; anthers 
pale yellow. Ovary globose, glabrous except for tuft of cilia on dorsal 
surface, O. 7-1. 2 mm long, 0. 6-1.1 mm in diameter; tearqrop-shaped 
glands prominent on proximal-lateral surfaces, smaller toward ventral 
side of ovary, drying dark colored; style exserted beyond petal tips soon 
after anthesis, 7. 0 mm long. Pods exserted from calyx, the beak angled 
upward between dorsolateral lobes, prominently glandular. 
Distribution and phenology 
A widespread species from southern Manitobe and Saskatchewan, 
eastern Dakotas, Minnesota and Wisconsin; south, to easte-rn Texas, 
Louisiana, Mississippi and Alabama. Occupying primarily prairie 
habitats, open woodlands and glades, occasionally adventive along road-
sides. Replaced in the High Plains to the west by P. occid:entale. P. 
candidum is ecologically sympatric with P. purpureum throughout most 
of its range; the two are frequently prese;_t on prairie remnants. Anthe-
sis time is from mid- May to late July, flowering proceeding south to 
north. 
Observations 
Isely and Welsh ( 1950) clarified the species status of P. candidum and 
P. occidentale. As they pointed out, the two are quite diStinct when mul-
tiple characteristics are used for differentiation. My studies have cor-
roborated their findings; however, I find no indication of any introgres-
sion in the sympatric zone of the two species. Indeed, eastern specimens 
of P. occidentale (those sympatric with P. candidum) are more readily 
separated from P. candidum than are th~se collected farther west. Some 
of the western forms have many characteristics of P. candidum (e.g., 
broader leaflets and more glabrous calyces) but their habit;ats-usually 
5000 ft. elevation and above-are probably in part responsible for the 
apparent morphological convergence toward~· candidum. In the sym-
patric zone, the two species are not ecologically congruent. P. occi-
dentale is always found in the more zeric habitats, whereas p-;- cmdidum 
is found in the mesic areas of rich prairie soil. 
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P. candidum and P. multiflorum are geog raphically sympatric over a 
g r e at part of the range of the latter species . Habitat preference is al-
mos t always identical and occasional interbreeding e vidently takes place. 
The rare, putative hybrids found in herbarium collections match those I 
h~ve synthesized in the gre enhous e . 
Despite the few intermediates resulting from hybridization, P. candi-
dum is morpholog ically consistent for such a wide ranging species--:-lt 
c a n readily be recogni zed by its uprig ht g r owth habit, relatively few 
l eaves but large leaflets, long , nonexpand ing, columnar spike with pre-
cocious and per sis tent bracts. The main exc e ptions are to be found in 
the Southeast, where habitats of heavy clay soils and g lade environments 
have evidently acted as selective forces to shape a more decumbent-
prostrate stem and in gene ral, a smaller plant. D e spite the ~educed 
size and growth habit of these plants, their floral cha racteristics match 
those in the other parts of the range . 
D. FOLIOSI 
Distinguishing characteristics 
Plants c ompletely g labrous. Stems round below, becoming striate 
above. Leaves mostly solitary; leaflets 13- 27. Spikes becoming lax at 
anthesis. Bracts lance o late, scarcely expanded proximally, short ciliate 
on margins only, otherwise g labrous, far exc eeding the calyx lobes in 
bud .but early deciduous. Paired bracteoles present, flanking the base of 
the calyx. Calyx tube g labrous, 10-ribbed, g ibbous dorsally and slit to 
almost half its length, slit mar g ins ciliate as are the lobe margins . Cor-
olla pale lavender to rose, the standard broad, rounded-deltoid, its claw 
much thicker than the claws of the apical petals. 
Distribution and ecology 
Both species ar e rare and evidently restricted to specialized habitats 
in the Tenne ssee Bas in and south central T exas. The northern species 
perhaps currently restricted to limestone g lades; the southern species 
to "exposed rocks " and " limestone clefts " ac cording to herbarium labels. 
Observations 
These two species, although widely separated geog raphically, share 
many of the same characteristics, presumably indicating that they are 
closely related. Since both are highly restricted and rare, they possibly 
represent relict populations 0£ formerly more widely spread taxa. They 
are both so distinct from the other speci~s or. groups of species of P eta-
lostemon that it is unlikely they arose as a re_sult of relatively rece~ 
hybridization between more wide-ranging species and .persisted because 
of their ability to survive in speci.alized habitats. Possible distant re-
lationship with P. scariosum, a rare endem,ic from N ew Mexico, is dis-
cussed under th~t species. Further collecting may possibly indicate that 
both are more widespread than currently known . . 
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Key to the Species 
1. Leaflets 20- 29, elliptical; peduncles shorter than 3 cm; spikes 
compact; calyx tube not prominently gland-dotted; ovary c ove red 
with prominent, protuberant, spherical glands; Illinois and 
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T ennessee 11. P. foliosum 
1. Leaflets 7-17, linear; peduncles 6-12 mm; spikes lax; calyx 
tub e with numerous g lands between ribs; ovary not glandular; 
Texas 12. P. sabinale 
11. PETALOSTEMON FOLIOSUM Gray (Map 4, Fig. lOD) 
Petalostemon foliosus Gray. Proc. Amer. Acad. 7:336. ( 1868) . 
Type in GH. (1) (2) . 
Kuhnistera foliosa (Gray) Kuntze. Rev . Gen. Pl. J:l 92 . (1891). 
Based on Petalostemon foliosus Gray. 
Description 
Stems several, 3-8 dm long, branching above, smooth, glabrous, 
round at the base but becoming striate immediately below the spike. 
Internode s 1. 0-1. 5 cm long . Stipules subulate, 3 - 5 mm long, persistent, 
becoming sinuous when dried. Leaves 3. 5-4. 5 cm long, initially solitary 
at nodes ultimately becoming fascicled on older stems; leaflets 20-29, 
evenly spaced along rachis, not always paired; petiolules 0. 5 mm long 
wit h a prominent gland on lower surface of the rachis at the point of in-
sertion; blade 6-10 mm long, 2 . 5-3. 5 mm wide, elliptical to elliptic-
obovate, mucronate, fin e ly gland-dotted; midrib very prominent on the 
ventral surface. Peduncles short, 1. 5 - 2 . 5 cm, bearing scattered 
sterile bracts , 5-16 mm long . Spikes cluster ed, moderately compress ed, 
cylindrical, 8 -10 mm broad, 25 - 50 mm long . Bracts subulate, expanded 
in the center, about 5 mm long , fa r exceeding t he calyx lobes in bud, 
becoming chartaceous and falling soon after ant hesis. Subulate bracte -
oles flank the calyx, 0. 5 -1. 0 mm in length. Calys tube white, thin 
walled, 3. 5- 3. 8 mm long, g ibbous distally, narrowing proximally, slit 
dorsally to almost half its length, slightly oblique, laterally ribbed; 
rachis attachment point below the longitudinal axis of the tub e; lobes del-
toid, green, appressed pubescent on inner surface and margins, the ven-
tral lobe 2. 0 mm long. Corolla pale purple, the petals widely reflexed; 
standard ovat e - emarginate, 3 mm w ide, 2. 5 mm long; claw 4 mm long, 
0. 3 mm thick (over twic e as thick as claws of apical petals); apical petals 
narrow, 2. 7 mm long, 0. 8 mm wide, slightly truncate anteriorly, cune-
ate at base, the claw 0. 8 mm long. Staminal tube 3 . 6 mm long, shorter 
than calyx lobes; filaments 4 . 0 mm long, t9-e anthers bright red-pink 
before anthesis; pollen orange_. Ovary spheroidal, 1. 4 mm long, 0. 9 mm 
in diameter, g labrous, cove r e d with protuberant, spherical glands; style 
glabrous, 5. 5 mm long . Pod gland-dotted, exse rted slightly from calyx, 
the anterior portion directed upward between the dorso-lateral lobes. 
Distribution and phenology 
Known originally from northern Illinois and the Tennessee Basin. It 
appears now restricted to limestone glades in the latter area. Blooming 
time is from July to mid-September. 
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Figure 10. Floral parts and seeds of selected species of sections Villosi, 
Phleoides, Foliosi and subg. Kuhnistera. 
Seed drawings xl5, other drawings x 5. 
A. P. villosum. 1. lateral view of flower. 2 . bract. 
3. androecium and gynoecium with the standard removed. 
4. carpel. 5. mature fruit, lateral view. 6. mature fruit 
dorsal view. 7. legume. 8. seed. 
B. P. microphyllym. 1. lateral view of flowe r. 2. seed. 
C. P. pinnaturn ssp. trifoliatum, seed. 
D. P. folios um. 1. lateral vie w of flower. 2. standard 
blade. 3. apical petal. 
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Observations 
The type sheet in the Gray Herbarium bears two collections, those of 
Truesdale (year) 1867, Kane Co., Illinois and Hatch (year) 1854, Nash-
ville, Tennessee.~th are cited by Gray. A similar mixed sheet is at 
MO and a specimen of the Truesdale collection is at NY. There have 
been no collections from the intervening areas, and few collections of 
the species have been made in this century. The habitat of the " cedar 
glades" of the Tennessee Basin has been discussed under P. gattingeri, 
a species also endemic to these areas. My collection of this taxon (Isely 
and Wemple 9420) was late in the season and only a few axillary spik~ 
remained in bloom. Seeds were collected and the plants grown and 
flowered in the Iowa State University greenhouse. They grew well in our 
prairie loam potting soil and flowered readily. Observations of living 
plants and fresh flowers facilitated· preparation of the above description. 
As with all other species of Petalostemon cultivated under greenhouse 
conditions; there appear to be no artifacts induced. Pressed specimens 
from the greenhouse appeared exactly like those collected in the field. 
This taxon is quite distinct from any other. Its possession of many 
leaflets, long, precocious, subulate bracts, bracteoles and glabrous 
calyx seem to relate it to ~· sabinale (Rydberg, 1919-19 20, places them 
in the same section), but leaflet . shape, peduncle length, calyx shape, 
texture, and glandlessness, as well as a glandular ovary, set P. foliosum 
apart. 
12. PETALOSTEMON SABINALE Wats. (Map 4) 
Petalostemon sabinalis Wats. Proc. Am. Acad. ~:448-449. (1886). 
Type in GH. (1) (2 ) . 
Kuhnistera sabinalis (Wats . ) Heller. Bull. Torr. Bot. Club 23: 124. 
(1896). Based on Petalostemon sabinalis Wats. 
Petalostemon luteolus Wats. ex Heller. Bull. Torr. Bot. Club 23: 
122. (1896).--
Nomenclature and observations 
The epithet luteolus was a tentative name placed in parentheses on the 
label of the type specimen of P. sabinale by Sereno Watson (loc. cit.). 
Watson eventually rejected the name and published the species as P. 
sabinalis. Heller (1896 ) restored the epithet, in a sense, by com~enting: 
Petalostemon luteolus S. Wats., is P. sabinalis S. Wats. Although 
the name luteolus appears in Patterson's Check- List, it has no 
foundation, being a label name given to a specimen of ~· sabinalis. 
The affinities of P. sabinale are decidedly with P. foliosum as first 
suggested by Rydberg (1919-1920) . Turner (1959, p. 165) indicates that 
it is, " Closely related to P. stanfieldii [ P. tenue J and apparently inter-
grades with that species. 11 I find no evidencetasupport this view. It is 
true that the range of the two species is contiguous and that the leaflet 
number is similar, but all other characteristics are decidedly different-
the two arE: quite remote morphologically. 
It is possible that this species is more common than the paucity of 
collections indicate and could be " rediscovered. " The type location, 
" entrance to Sabinal Canyon, " is not readily accessible, but a 1944 
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collection (Cory 44424, Val Verde Co., Texas) 12 3 / 4 miles south of 
Loma Alta, Texas is evidently along a highway. I collected for a day in 
this area during mid- June 19 62, but did not find the species. My efforts 
were probably too late in the season and perhaps an earlier visit would 
bring it to light. 
Description 
Stems many, unbranched, erect, 2- 4 dm long, g labrous, slightly 
glandular, round at the base becoming slightly striate above. Stipules 
fugacious, 2-4 mm long, subulate, often curved . Lower leaves solitary, 
the upper ones often with suppressed axillary branch systems; rachis 
2. 0-2. 5 cm long, g labrous, glandular, extended beyond terminal pair of 
leaflets 0. 8-1. 5 mm; leaflets (7) 13-15 (17 ), linear, narrowed at base, 
9 -13 mm long, 1. 5-2. 0 mm wide, pale green above, darker g reen and 
gland- dotted below. Peduncle g labrous, 6-9 ( 12) cm long, rarely bearing 
sterile bracts near the apex. Inflorescence an expand ing spike, up to 
5 cm long ; rachis glabrous to glabrate. Bracts precocious, far exceed-
ing the calyx lobes in bud, deciduous before anthesis, lanceolate, only 
slightly broadened at the base, short-ciliate on margins; paired, ciliate 
bracteoles 0. 5-1. 0 mm in length, flank the calyces . Calyx expanded-
tubular, slightly 10-ribbed, 2. 2-2. 9 mm long, slit dorsally almost half 
its length, glabrous except for margins of dorsal slit which are short 
ciliate; tube glandular at base of lobes with numerous, yellow, pellucid, 
protuberant glands 0. 2-0. 3 mm long, 0. 1 mm wide; lobes ciliate, the 
ventral lobe 0.8 mm long . Corolla ros e to pale lavender(?); the stan-
dard rounded - deltoid, 3. 0 mm long, 3. 5 mm broad, slightly emarginate 
at apex, the claw 3. 5-3 . 9 mm long, thicker than the claws of the apical 
p etals; apical p etals 3. 5 mm long , 1. 0 mm wide, the claws 1. 0 mm long . 
Androecial tube exserted beyond tips of the lobes, 3 . 5 mm long; the free 
filaments 5. 3 mm long. Ovary 1. 4 mm long, 1. 0 mm in diameter, only 
slightly short-ciliate on dorsal, distal surface; the style 8 mm long. Pod 
not exceeding calyx lobes but bent upward between dorsal lobes, short 
ciliate on apical margins. 
Distribution and phenology 
Known only from five collections in Texas; Bandera, Brewster, Uvalde 
and Val Verde counties. Apparently blooming in mid-May. 
E. PHLEOIDES 
Distinguishing characteristics 
Stems striate with protuberant, globose gland s; leaflets 11-48, glabrous 
to pubescent, sessile or nearly so; spikes 1. 3-6. 7 cm long, often becom-
ing sinuous, 5-9 mm wide; bracts linear, exceeding calyx lobes, often 
deciduous; paired filiform bracteoles present, flanking the calyces; calyx 
oblique, deeply slit and dorsally gibbous, the lobes very short; c orolla 
white, the standard broad, the apical petals strap- shaped. 
Distribution and ecology 
Dry sandy areas of south and east Texas and adjacent Oklahoma. 
Observations 
This section is easily recognized by its white flowers, dorsally gibbous 
REVISION OF PETALOSTE MO 55 
calyx, numerous leaflets and spherical, protuberant g lands, t o 1. 3 mm 
in diameter . The glands when ruptured, release a pungent, watery 
liquid that has a sharp, distinctive odor . ~ . microphyllum has been in 
g reenhouse cultivation for ove r 2 years . It thrives and flowers freely 
when g rown in Iowa prairie soil. All a ttempts at cross - pollination w ith 
other species of othe r sections have been unsuccessful; indicative, as is 
the morphology, of th e distinctiveness of these species within the genus . 
The treatment of this section is in large part based upon unpublished 
investigations of Wes l ey S. Jackson ( 19 64) . Befo r e Ja ckson's s tudy, 
Phleoides was conventionally c onsidered to c ontain thr ee species (Ryd -
berg 19 19 -1 9 20, Turner 1959) , but their d istinguishing chara cters were 
far from clear . On the basis of a nalyse s of mass collections, a s well as 
fie ld and h e r barium studies, Jackson demonstrated the exis t ence of t wo 
reasonably distinct taxa. Their d i agnostic chara ct e ri s tic s a r e pres e nt ed 
in the fo llowing key . 
K ey t o the Species 
I. Calyx glabrous; l eav e s (0. 7) I. 3-2. 3 (3 . 8) cm w ide, leaflets 
11- 26 , usually under 21; peduncles usually possessing s t erile 
bracts. 13 . !'. phleoides 
1. Calyx pub e sc ent; leaves (0. 5) 0. 6 -1. 5 (2 . 0) c m wide, leaflets 
15- 48 , usually over 25; peduncles usually lacking sterile bracts. 
14 . P. microphyllum 
13 . PETALOSTEMON PHLEOIDES T. and G. (Map 8) 
P etalostemon phleoides T. and G . Fl. N . Am . 1:310 . (1838) . Type 
in NY . (1) (2). -
Petalostemon aphleo i des Young . Fl. T ex . 22 1. (18 7 3) . (2) 
Kuhnistera phleoid e.s (T . and G .) Kuntze. Rev. Gen . Pl. 1:192. (1891). 
Ba s ed on Petalosfemon phleoides T. and G. 
Petalostemon g landulosus Coult. and Fish. Bot. Gaz . ~: 229 . ( 189 3) . 
TypeinUS. (1)(2). 
Dalea phleoide s (T. and G. ) Shinners . Field and Lab. 17:8 3 . (1949) . 
----:Based on Petalostemon phleoides T. and G. 
Dalea glandulosa (Coult. and Fish .) Shinners . Fie ld and Lab. 17 :83 . 
--( 1-9 49) . Based on P etalo stemon g landulosus Coult. and Fish~ 
Nomenclature and observations 
Although Rydberg (1 9 19 -1 9 20) and Turner (1 9 59) upheld separa tion of 
P. phleoides and P . glandulosum, merger of the two spe cies was first 
proposed by H e lle-Z. in 1896 (p. 123 ) . Under K uhnist e ra phleoides, h e 
writ es: 
A comparison of phleoides and a duplicate type of g l andulos us, 
both of which a r e in the C o lumbia Unive rsity H e rbarium, clearly 
shows them to b e identica l. The oblique calyx is a marked 
character of this spe cies . 
Heller also indicated the g eneral lack of pubes c e nc e of K . phleoides in 
his ea rlier r emark s r egarding ~· microphylla . . Jackso;' s detailed study 
of these species corroborate s H e ller's intuitive approach. 
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Description 
Multiple stems ascending from a rusty to deep red taproot. Stems 
2-7 dm long, glabrous to slightly pubescent, striate and glandular. 
Stipules 2. 5-3. 5 mm long, pubescent, subulate from a broad base. 
Leaves 2. 1-6. 7 cm long, 0. 5-3. 8 cm wide, g labrous to pubescent; leaf-
lets 11-26, elliptical to obovate, 1. 5-2. 5 mm long, O. 4-1. 0 mm wide. 
Peduncles 0. 1-26. 3 cm long, usually with scattered sterile bracts near 
the apex. Spikes dense, cylindrical, becoming lax and sinuous in fruit, 
13-58 mm long, 5-9 mm wide. Bracts glabrate in the southern portion 
of the range, becoming more pubescent northward, exceeding the calyx 
lobes in bud, deciduous before anthesis. Bracteoles present, flanking 
the calyces, 0. 6-1. 0 mm in length. Calyx g labrous; the tube oblique, 
2. 2-2. 6 mm long, slit more than half its length dorsally, glandular be-
tween the nerves; lobes 0. 6-0. 9 mm long , ciliolate on margins. Corolla 
white; the standard blade cordate, 2. 5-3. 5 mm long, 2. 5-3. 5 mm wide, 
the claw 3-4 mm long, apical petals linear, 3. 0-3. 5 mm long, 0. 6 mm 
broad, the claws 2. 0 mm long. The staminal tube about 2. 7 mm long, 
the free filaments 2. 5-3. 5 mm long; anthers orange. Ovary 1. 0 mm 
long, glabrous; the style 5 mm long, proximally pubescent on the upper 
surface for one-third its length. Pod obliquely obovoid. 
Distribution and phenology 
--Eastern and southern Texas. Primarily confined to deep sands of 
pine and oak woodlands. Flowering from mid-May to mid-July, reaching 
a maximum the third week of July. 
P. phleoides o 
P. microphyllum • 
• 
•••• 
•• • 
Map 8. Geographic distribution of Petalostemon phleoides and P. 
microphyllum. 
14. PETALOSTEMON MICROPHYLLUM (T. and G.) Heller (Map 8, 
Fig. lOB; 12C) 
Petalostemon microphyllum (T. and G.) Heller. Bull. Torr. Bot. Club 
26: 59 3. ( 1899). Based on Petalostemon phleoides var. microphyl-
lum T. and G. 
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Petalostemon phleoides var. microphyllum T. and G. Fl. N. Am. 
1:310. (1838). Isotype in US. (1)(2). 
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Ku~istera microphylla (T. and G.) Heller. Bull. Torr. Bot. Club 
23: 122. ( 189 6). Based on Petalostemon phleoides var. microphyl-
lum T. and G. 
Dalea drummondiana Shinners. Field and Lab. 17:83. (1949). Based 
--;n Petalostemon phleoides var. microphyllum-T. and G. 
Description 
Stems arising from a deep, red taproot, 2-7 dm long, glabrous to 
pubescent, striate, with protruding, globose glands. Stipules 3-5 mm 
long, curved. Leaves 1.4-6.0 cm long, 0.5-1.8 cm wide, glabrous to 
pubescent (densely so on young leaves); leaflets 15- 48, elliptical to obo-
vate, sessile or nearly so, 4-7 mm long, 1. 5-2. 0 mm wide. Peduncles 
0. 1-22. 5 cm long, usually without ·sterile bracts near the apex. Spikes 
5-103 mm_ long, 5-48 mm wide. Bracts exceeding the calyx in bud, often 
deciduous, linear to linear-lanceolate, 4- 5 mm long, 0. 3 mm wide with 
subulate to subulate-filiform tips, glabrous to pubescent. Paired brac-
teoles present flanking the calyx, 0. 6-0. 8 mm long, filiform. Calyx 
oblique; the tube 3 mm long, slit dorsally to more than half its length, 
dorsally gibbous; the lobes short, the ventral lobe less than 1. 3 mm long, 
ciliolate on the margins. Corolla white; the standard blade cordate, 2. 5-
3. 0 mm long, 2. 5-3. 5 mm wide, the claw 3-4 mm long; apical petal 
blades linear to linear-oblanceolate, 2. 5-3. 5 mm long, about 0. 7 mm 
wide, the claw 1. 5-2. 5 mm long. Androecial tube exserted slightly be-
yond the tips of the calyx lobes. Ovary 1. 4 mm long, O. 8 mm in diam-
eter, ciliate on the proximal two-thirds. Pod obliquely obovoid. 
Distribution and phenology 
Northern and eastern Texas in the deep, dry sands of the Cross Tim-
bers and Prairies, Blackland Prairies, and South Texas Plains vegeta-
tional areas (Gould 19 62). North to Montague county, south to Nueces 
county and extending west to Taylor county, Texas. Also from Marshall 
county, Oklahoma. Flowering from late May to mid- July, reaching a 
maximum during the second week of June. 
Observations 
This is a variable species, and Turner (1959) has suggested that two 
varieties are possibly represented. His conjecture was based on the 
more glabrous condition of the northern populations. Jackson ( 19 64) con-
firms Turner's observations but states: 
However, no reasonable cline can be observed. Further, no other 
morphological features seem to exhibit a north- south bifurcation. 
Thus at this time Petalostemon microphyllum is considered as one 
entity though a highly variable one. 
Jackson concludes his discussion with this paragraph: 
From both field and herbarium experience, both species of the 
section are highly variable. Each is probably represented by 
individual colonies or populations with not much interbreeding 
from one colony to the next, thus each colony is highly individu-
alistic. 
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F. VILLOSI 
Disting uishing characteristics 
Stems arising from a l o ng, red, seldom branched taproot; stems and 
l e ave s villous, leaflets (9) 11-1 9 (21 ), l e ss tha n 1. 9 cm long ; spik es lax, 
usually 5-12 cm long and less than 1 cm br o ad; flow e rs pale lavender, 
rose to almost whit e . 
Distribution and e c olo gy 
Texas, northward to s o uthe rn Saskatchewan, thr oughout the Plains 
ar e a on sandy soil, sand hills· and blowouts. 
Key t o the Speci e s 
1. Stems reddish, striate, spr e ading pube sc e nt; l e aves thinly 
pilose, leaflets 10-15 mm long ; not poss e ssing sterile bracts 
below spikes; standard broad, cordate; e ast Tex as and western 
Louisiana. 15. ~· griseum 
1. Stems pale, striations usually conc e ale d by villous investure; 
l e aves densely villous, leafle ts 8 -11 mm l o n g ; sterile bracts 
strag gling down peduncle below spike ; standa rd o blong, trun-
cate or rounded at the base; c e ntral or north Tex as and north-
ward. 16. P. villosum 
15. PETALOSTEMON GRISEUM T. and G. (Map 9) 
P e talostemon g riseum T. and T. Fl. N . Am. 1:310. (1838). Type in 
NY. ( 1) (2). 
Kuhnistera grisea (T. and G. ) Kunt z e. Rev. G e n. Pl. .!_:192. (1891). 
Based on ~lostemon g riseum T. and G. 
Dalea grisea (T. and G.) Shinners. Field and Lab. 17:84. (1949). 
---"Based on Petalostemon griseum T. and G. 
Nomenclature and observations 
Torrey and Gray cite two collections, " Pine woods near the Sabine 
River, Dr. Leavenworth'. Texas, Drummond'. " . Both are mounted on 
sheet at NY. The Leavenworth spe cime n (two stems) is taken as the 
type. 
Petalostemon griseum is very clos e ly related to ~· villosum: indeed, 
all the identifying characteristics of the form e r are found sporadically 
throughout the range of P . villosum. The possession of a specific array 
of characteristics in conjunction with allopatric distribution, however, is 
the basis for considering P. griseum a distinct spe cies, Distinguishing 
between the two species ~the field is relative ly simple: P. griseum has 
fewer stems, g rows taller, branches mor e profusely in the upper half 
and all spikes become long and nodding in fruit. Most of these charac-
teristics cannot be readily transferred to herbarium sheets; thus, the 
correlation of seve ral " minor " characteristics must be used for identifi-
cation. In general, P. griseum 1) is less pubescent, 2) has reddish 
stems, 3) possess e s -larger leaflets, 4) often has "straggling" flowers 
below the main body of the spike, 5) has extremely long spikes, and, 
6) has a broad, cordate standard. In conjunction with the e arlier flower-
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ing time and the ge og raphic restriction t o w estern Texas and easte rn 
L ouisiana, _I>. griseum can be recognized readily from her barium speci-
mens. 
These specie s cannot be separated, either in the field o r in the her-
barium, on the basis of spreading of ascending leaves, calyx l ength or 
spike width as proposed by pr e vious authors. 
D e scription 
Plants arising from a long, relatively unbranched, red taproot, which 
is up to 4 dm in length. Stems erect, reddish, finely striate, spreading 
ciliate but not villous; usually branched in the upper half, ( 4) 6 -7 (9) dm 
tall, 4-5 mm thick at base. Stipules subulate, dark, 5-6 mm long. 
Leaves 2- 4 cm long ; rachis extended beyond the t e rminal pair of leaflets 
1-2 mm; leaflets (9) 11-13 (15), oblong-elliptical, mucronate, slightly 
pubescent on both surfaces, but predominantly s o on the lowe r surfac e, 
10-15 mm long, 2. 7-4. 2 mm broad, not always perfectly paired on the 
rachis. Spike subsessile; the peduncle a maximum of 3 cm in length, 
often with straggling flowers near the apex; spike lax, flowering at 4 cm 
long and through further floral differentiation reaching a maximum length 
of 14 cm, becoming sinuous and nodding; (6) 7-9 mm in diameter. Bracts 
lanceolate, only slightly expanded proximally, exceeding the calyx in bud, 
usually falling before anthesis leaving a d e cided " heel" on the rachis. 
Calyx spreading -ciliate; the tube 10- ribbed, clearly visible, p a le, slit 
dorsally to almost half its length. 2. 0-2. 2 mm long, 1. 7-2. 0 mm in 
diameter; ventral lobe 1 . 0-1. 2 mm long, each lobe tipped with a minute 
gland. Corolla pale lavender; standard blade cordate, entire at apex, 
2. 1-2. 6 mm long, 2. 5-2 . 8 mm broad, arching over the other floral parts, 
the claw 2. 3 mm long; apical petals oblong to slightly oblanceolate, 2. 3-
2. 6 mm long, 1. 0-1. 2 mm wide, the claws 0. 5 mm long; medial petals 
inserted lower than the lateral petals on the staminal tube. Staminal 
tube 3 mm long, equaling the length of the free filaments; anthers pale 
yellow. Ovary villous except at the extreme proximal end, 1. 0- 1. 3 mm 
long , 0. 8 mm in diameter; style 4 mm long, ciliate only on the proximal 
one-fourth. Pod not exserted beyond the calyx lobes, villous, thick 
walled . 
Distribution and phenology 
Limited to east Texas and western Louisiana. Restricted to sandy 
soils. Flowering from late May to late June, reaching a maximum ap-
proximately the second week of June . 
16. PETALOSTEMON VILLOSUM Nutt. (Map 9; Figs. lOA; 12A) 
Petalostemon villosum Nutt. Gen. N . Am. Pl. 85. (1818). Type in 
PH. (1) (2). 
Dalea villosa (Nutt.) Spreng . Sy st. Veg. ~: 326. ( 18 26). Based on 
--"PetaIOSteill.on villosum Nutt. 
Kuhnistera villosa (Nutt .) Kuntze. Rev. Gen. Pl. 1:192. (1891) . 
Based on Petalostemon villosum Nutt. 
Description 
Taproot seldom branching, red, 2-4 dm long, usually equaling the 
stems in length. Stems many, radiating or ascending, often branching 
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Map 9. Geographic distribution of Petalostemon villosum and ~· griseum. 
near the apex, 2. 5 - 3. 5 (5) dm long, 3. 5-5. 0 mm thick at the base, 
densely villous, the p u bescence often obscuring the stem surface . Stip-
ules subulate, spreading-villous, 5-7 (9) mm long . Leaves fascicled, 
often crowded; rachis 1. 5-3. 0 (4. 0 cm long, villous, bearing prominent, 
red " stipel-glands, " 0. 2 mm in diameter, below the petiole insertions; 
the midrib always extended 0. 5-1. 5 mm beyond the terminal pair of leaf-
lets; leaflets 13-1 9 (21), g land-dotted below, long, appressed pubescence 
on both surfaces, 8.5-11.0 (13 ) mm long, 2-3 (3.5) mm broad. Spikes 
subsessile and lax, the rachis expanding following anthesis, often becom-
ing sinuous in fruit, 4 . 5-11.0 (15) cm long, 8-10 (11) mmindiameter; 
sterile bracts often spread along the short peduncle below the spike. 
Bracts exceeding the calyx lobes in bud, villous throughout their length, 
4-6 mm long , 1. 2-1. 4 mm broad, the acumen 2- 4 mm long , usually de-
ciduous immediately following anthesis. Calyx 10-ribbed, the surface 
often obscured by dense, spreading pubescence; the tube 2. 0 - 2. 4 mm 
long, split dorsally to one-third its length; the central lobe 0. 9 -1. 4 mm 
long. Corolla la vend er- purple to almost w hite; the standard blade n e ver 
becoming erect and o pen but usually covering the other floral parts, 2. 7 
mm long, 2. 0-2. 5 mm broad, oblong t o oval , sometimes truncate at the 
bas e , rarely cordate, often emarginate at the apex; the claw 2. 3- 2 . 5 mm 
long ; apical petals obovate, 2. 6-2. 8 mm long , 1. 0-1. 2 mm wide, the 
claw short, 0. 5 mm; medial petals inserte d on the standard tube lower 
than the lateral pair. Staminal tube 2. 2 mm long , the fr e e filaments 
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3. 7 mm long; anthers yellow to yellow-orange, exceeding the petal 
apices at anthesis. Ovary spreading-ciliate on the distal two-thirds, 
1.0-1.1 mm long, 0.8 mm in diameter, the style 4 . 5 mm long, ciliate 
dorsally from the proximal end to barely one-third its length. Pod 
spreading-villous, exserted beyond the calyx lobes at maturity, the 
distal end bending upward between the dorsal calyx lobes. 
Distribution and phenology 
Restricted to sandy soils, sandhills and blowouts; ranging from south-
ern Saskatchewan to northern Tex as and from eastern Colorado to east-
ern Missouri. Flowering beginning in late June in the southern part of 
its range, mid- July in its northern part; most flowering terminated by 
mid-August. 
Observations 
This is a wide-ranging yet homogeneous species with a specific habi-
tat preference for deep sand. Despite its ecological requirements in the 
field , it appears to grow and flower well in the greenhouse even though 
potted in Iowa prairie loam. Color variations are seen in the field as 
well as under greenhouse conditions, the petal colors rang ing from al-
most white to light purple. The colors appear randomly distributed in 
most populations. Variations in degree of pubescence as well as leaflet 
number also exist but show no specific regional trends, indicative pos-
sibly of a genetic plasticity expressed as varying phenotyp e s. P. villo-
sum is replaced in eastern Texas and western Louisiana by ~· g riseum, 
a species with which it shares many characteristics. 
G. COMPACT! 
Distinguishing characteristics 
Root in most species a relatively unbranched taproot. Leaves solitary , 
seldom fascicled, the leaflets broad-elliptical to almost ovate. Spikes 
1. 0-2. 0 cm in diameter with sterile bracts often found at the spike base. 
Fertile bracts concave, lanceolate to obovate with a strong midrib and 
scarious margins toward the proximal end, densely villous- s ericeous, 
always exceeding the calyx lobes in bud and equaling or exceeding them 
in fruit. Calyx usually thin-walled and ciliate, the lobes villous- serice-
ous. Petals often inserted slightly below the apex of the androecial tube. 
Pod usually not exserted beyond the apex of the calyx lobes at maturity. 
Distribution and ecology 
Generally, plants of the west - south Texas thr ough the Short Grass 
Plains to western Nebraska and Wyoming and west to the Continental 
Divide in the Columbia Plateau, southward to Nevada, Utah and northern 
Arizona. M o st species are found in sandy soils. 
Observations 
This is perhaps an unnatural grouping, yet there appear to be pairs or 
trios of species that form links, one with another, which eventually tie 
all the species together. Petalostemon obovatum, a sand-dwelling en-
demic of south Texas, seems quite different from most species of Peta-
lostemon, but has several characteristics in common with the rare Short 
Grass Prairie species, P. compactum. The latter species shares com-
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mon characteristics with P. ornatum of the Columbia Plateau in the 
Pacific Northwest. P. fla~escens of southeastern Utah seems related 
to both P. searlsiae of Nevada, Utah and Arizona and P. ornatum, thus 
completing the circle of species. -
P. ornatum, P. compactum and P. flavescens all possess petals in-
serted slightly b~low the apex of the-staminal tube. This characteristic 
is also shown by P. tenuifolium of the Purpurei group. This variation 
from true apical petal insertion, is very slight-observable only with 
30X magnification or higher. The petals are much closer to the apex 
than in any species of Dalea I have examined. 
Key to the Species 
1. Calyx slit dorsally to half its length; calyx tube relatively thick, 
neither transparent nor long- ciliate, plants of the Great Basin. 
2. Corolla purple; calyx oblique, ventral calyx lobe 1. 0-1. 4 mm 
long; rachis elongating, spreading the calyces in fruit; spike 
over 4 cm long; plants of Nevada, adjacent counties in Cali-
fornia, N. W. Arizona and W. Utah. 17. P. searlsiae 
2. Corolla yellow or yellowish-white; calyx not oblique, ventral 
calyx lobe 1. 5- 2. 5 mm long, spike remaining compact in 
fruit, less than 4 cm long; plants of S. E. Utah and adjacent 
N. Arizona. 18. P. flavescens 
1. Calyx not slit dorsally to half its length, calyx tube thin-walled, 
transparent, long- ciliate; plants of southern Texas, the High 
Plains or the Pacific Northwest. 
3. Corolla purple; stipules less than 3 mm long, plants of 
central Nevada and the Pacific Northwest. 19. P. ornatum 
3. Corolla yellow to yellowish-white; stipules longer than 
3 mm, plants of the High Plains and southern Texas. 
4. Stems and leaves glabrous; leaflets elliptical-acute; 
peduncles 5-15 cm long; inflorescence less than 1. 2 cm 
thick; plants of the High Plains. 20. P. compactum 
4. Stems and leaves pilose; leaflets broad-obovate; 
peduncles 1 cm long or shorter; inflorescence thicker 
than 1. 2 cm. Plants of S. Texas. 21. P. ob ova tum 
17. PETALOSTEMON SEARLSIAE Gray (Map 10) 
Petalostemon searlsiae Gray. Proc. Am. Acad. ~:380. (1872). Type 
in GH. (1) (2). 
Kuhnistera searlsiae (Gray) Kuntze. Rev. Gen. Pl. 1: 19 2. ( 1891). 
Based on Petalostemon searlsiae Gray. 
Description 
Stems numerous, glabrous, often decumbent at the base, 3- 5 dm long, 
glacous- green, conspicuously gland-dotted with red- brown protuberant 
glands, these more numerous and conspicuous toward the stem apex. 
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Stipules lance- subulate, deciduous, 1- 2 ( 3) mm long. Leaves glabrous, 
usually solitary at nodes; rachis 1. 5-2. 5 (3 . 5) cm long with prominent 
"stipel-glands " below the petiolule insertions, extension beyond t erminal 
pair of leaflets seldom over 1 mm; leaflets 5-7 (9), 9-16 mm long, 2-6 
(8) mm broad, oblong to slightly obovate, often emarginate with a gland 
at the apex of the midrib, glandular below, smooth above; margins only 
slightly involute, but leaflets often folding when pressed, the midrib 
bending abaxially, especially so toward the leaflet apex . Peduncles long, 
10- 20 cm, glabrous, often with a few sterile bracts straggling below the 
main body of the spike. Inflorescence an expanding spike, compact in 
bud, becoming lax in fruit; spike 3-4 cm at anthesis, expanding to 6. 5-
9. 0 (13) cm in length, 8 -11 (12) mm wide; rachis g labrous to moderately 
pubescent, becoming visible in fruit. Bracts deciduous as spike expands, 
rhombic- lanceolate to oblanceolate, sometimes abruptly- acuminate, 
usually gradually narrowing to the .a cumen, which exceeds the calyx 
lobes in bud and equals or exceeds them at anthesis, usually abaxially 
reflexed in bud; distal portions usually ciliate, especially the margins, 
proximal portion usually glabrous, strongly clasping , slightly scarious 
laterally; total length of the bract 3. 2- 4. 2 mm, breadth 0 . 8-1. 2 mm. 
Calyx tube+ 10-ribbed, campanulate, oblique, slit dorsally to half its 
length, the margins of the slit ciliate; tube glabrous to puberulent, dry-
ing rufous, 2. 4-2 . 8 mm long, 2. 0-2. 5 mm in diameter, usually possess-
ing several yellowish glands lying between the calyx bundles; lobes drying 
black, spreading-ciliate, especially on margins, ventro-lateral lobes 
often directed slightly upward above the longitudinal calyx axis, leaving 
a gap betwe en them and the ventral lobes, the ventral lobe 1. 0-1 . 4 (2. 0) 
mm long. Corolla rose-purple; standard blade rounded deltoid, some-
time s slightly cordate, usually emarginate, 2. 6 - 3. 0 (3. 2) mm wide, 2. 7-
3. 1 (3. 3) mm long; claw 3. 0-4 . 0 mm long , emerging from the deep dor-
sal slit of the calyx; apical petals inserted at equal levels at the apex of 
androe cial tube, blades oblong to slightly obovate, 3. 3 - 4. 2 mm long, 1. 1-
1. 5 mm wide, claw 1. 2-1. 5 mm long. Androecial tube not exserted be-
yond the tip of the ventral calyx lobe at anthesis, 2 . 5-3. O mm long; free 
filaments, 4, 0-4. 5 mm long. Carpel densely diliate on distal half, es-
pecially on upper surface, 1. 5 mm long, 0 . 8-0. 9 mm in diameter; style 
inserted on the longitudinal exis of the ovary or slightly below, ciliate 
proximally for more than half its length, 4 . 0-4. 5 mm long. Pod villous 
at the distal end, protruding from calyx at maturity, the beak projecting 
between the dorsal calyx lobes. 
Distribution and phenology 
Restricted to Nevada , western Utah, southeastern California and 
northwester n Arizona. An abundant species found in dry gravelly or 
sandy soil u .:: u a lly associated with sage brush and juniper. Flowering be-
ginning in late April, reaching a peak at mid-May, ending by mid - June. 
Observations 
Bract shape appears to show a consistent re gional variation. Most 
specimens from extreme southwestern Utah (Washington and Kane coun-
ties) have broader bracts, indicative of possible i?-cipient re g ional pat-
terning within the species. I have critically examined these specimens 
and find no further correlating characteristics that distinguish them from 
others throughout the range. 
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Petalostemon searlsiae is clearly distinct from P. ornatum even 
though the range of the two species is contigu,ous. P. searlsiae can al-
ways be distinguished by the possession of an elong;;:ting spike 12 mm or 
less in diameter and a calyx slit dorsally to half its length, the slit cili-
ate at the margins. The calyx is neither thin and papery nor sericeous-
pilose as in P. ornatum; rather, it is thick, drying rufous, glabrous or 
short-puberulent. P. searlsiae differs in so many ways from P. ornatum 
that it is indeed unlikely that they are closely related; however~ their 
common relationship to P. flavescens of southeastern Urah provides 
justification for their inclusion in a common group, Compacti. 
18. PETALOSTEMON FLA VESCENS Wats. (Map 10) 
Petalostemon flavescens Wats. Amer. Nat. 7:299-200. (1873). Type 
in G H. ( 1) ( 2) 
Kuhnistera flavescens (Wats.) Kuntze. Rev. Gen. Pl. 1: 19 2. ( 1891). 
Based on Petalostemon flavescens Wats. 
Description 
Plants with stems 2- 4 dm long, usually spreading- ciliate at base, be-
coming appressed-ciliate above, the entire stem covered with slightly 
protuberant glands. Stipules subulate, 2-4 mm long, ciliate. Leaves 
usually solitary, the rachis 1. 5-2. 5 cm long, often conspicuously gland-
dotted, extended beyond the terminal pair of leaflets 1. 0-1. 7 mm; leaf-
lets 5-7, elliptical to narrow-obovate, appressed-ciliate on both sur-
faces, rarely glabrous, 10-13 (16) mm long, 3-6 (7) mm wide, gland-
dotted below, not above; often becoming conduplicately folded when dried, 
the midrib bending abaxially, the entire leaflet becoming falcate. Pedun-
cle long, 7-15 (22) cm. Inflorescence a nonexpanding spike, 21- 35 ( 55) 
mm long, 10 mm broad; rachis pubescent. Bracts narrow, lanceolate, 
only slightly expanded below the acumen, 5-8 mm long, 1. 3-1. 5 mm 
wide, exceeding the calyx lobes in bud, equaling or exceeding them at 
anthesis; proximal end "v- shaped" in cross section, the midrib promi-
nent, usually ciliate, margins glabrous and slightly scarious; distal 
portion flat, not concave or " v- shaped, " glandular, ciliate, narrowing to 
the acumen which is long-ciliate; small, paired, glandular bracteoles, 
0. 2 mm long, flank the base of the calyx. Calyx obviously 10-ribbed, 
the tube slightly thin-walled but not translucent, 2. 6- 3. 0 mm long, 
streaked red, slit dorsally over half its length, the margin of the slit, 
ciliate, lobes lanceolate with ciliate, sometimes glandular margins, the 
ventral ones 1. 5- 2. 5 mm long. Corolla yellow or yellow-white; standard 
oblong to rounded-deltoid, slightly cordate, emarginate at apex, 2. 5-4. 0 
mm long, 1. 5-3.8 mm broad, the claw 3. 2 mm long; apical petals in-
serted at the same level, but slightly below apex of staminal tube, oblong, 
cuneate at the base, 2. 6-5. 0 mm long, 0. 9-1. 7 mm wide, the claw 1. 2-
1. 6 mm long. Stamina! tube 2. 9-4. 5 mm long; free filaments 3. 0-6. 0 
mm long; anthers pale yellow. Ovary elliptical, 1. 5-2. 3 mm long, 0. 8-
1. 2 mm in diameter, ciliate on distal half, mostly ventrally; style 6. 0-
8. 0 mm long, ciliate dorsally from proximal end to half its length. Pod 
villous, not exserted beyond the calyx lobes at maturity. 
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Map 10. Geographic distribution of Petalostemon searlsiae, P. ornatum 
and P. flavescens. 
Distribution and phenology 
Rocky, sandy areas in southeastern Utah and northeast~rn Arizona. 
Apparently a very restricted and seldom collected species ~ndemic to 
this area. Blooming time from late April to early June reaching a maxi-
mum in late May. 
Observations 
Petalostemon flavescens is highly variable for such a geographically 
restricted species. Vegetative pubescence varies from entirely glabrous 
to spreading-villous below and appressed-pubescent above. Floral parts 
also vary widely in size and shape. Standard shape fluctuates from ob-
long (quadrilateral, as described by Watson for the type) to rounded-
deltoid. One specimen examined (Holmgren and Goddard 9990, San Juan 
Co., Utah) possesses a highly glandular calyx with large spherical, trans-
lucent glands on the margins of the lobes - strikingly different from 
others of the species. 
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Notwithstanding the individual variations, this species seems distinct 
and quite separate from others of this group. The closest affinities ap-
pear to be with P. searlsiae. The moderate pubescence, glandular 
bracts, relatively thick-walled, dorsally split calyx and the more oval 
ovary are characteristics in common. Similarity between the two spe-
cies was noted by Jones (1895, p. 631) who wrote: " Petalostemon flaves-
cens Watson seems to be a white flowered form of P. searlsiae. I can 
see no other valid difference." Jones' remarks are-reflected by Rydberg 
(1919-1920) following his description of P. flavescens: "(Perhaps not 
distinct from P. searlsiae)." Despite this ~arning, Rydberg places P. 
flavescens in his "section" Compacti while placing P. searlsiae in Ornati. 
P. flavescens is distinct from P. searlsiae on the basis of at least 
four characteristics. They are: 1) possession of a nonexpanding spike; 
2) a yellow-white to white corolla contrasted with the purple corolla of 
~· searlsiae; and 3) longe r calyx lobes. Petalostemon flavescens also 
shows certain characteristics in common with P. ornatum and P. com-
pactum. The petals of P. flavescens are inserted slightly below the apex 
of the calyx lobes at maturity. It seems reasonable, therefore, to in-
clude all these species in a single group, Compacti. 
19 . PETALOSTEMON ORNATUM Dougl. in Hook. (Map 10) 
Petalostemum ornatum Doug. in Hook. Fl. Bor. Am. 1: 138. ( 18 30). 
Type in GL. (1) (2). 
Dalea ornatum (Dougl.) Eaton. Man. Bot. for N. Am. 120. (1833). 
Based on Petalostemon ornatum Dougl. 
P etalostemon macrostachyum of T. and G. Fl. N. Am. 1:309. (1838). 
in part. Not Petalostemon macrostachyum Torr. (18Z8). 
Kuhnistera ornata (Doug.) Kuntze. Rev. Gen. Pl. l:i92. (1891). 
Based o~ostemon ornatum Dougl. -
Petalostemon lago pus Rydb. Fl. N. Am. 24:134. (1919-1920). Type 
in NY. ( 1) ( 2) . -
P etalostemon ornatus f. pellidus St. John. Northwest Sci. 2:8 6. 
(1928). Type in WSP. (1) (2). 
Nomenclature and observations 
The specimen I accept as the type is in GL and is labeled in what I 
take to be Hooker's hand: 
"Petalostemon macrostachyum Torrey 
ornatum Douglas 
North W. Coast Hooker" 
I am as sured by the curator, Dr. I. M. Case, that no other material is 
available that mig ht possibly be confused with this specimen. It does, 
however, lack any other markings that correlate with Douglas' collection 
data- "Frequent in the arid prairies near the Blue Mountains of Lewis 
River, North West America. " 
I have included within the delimitation of P. ornatum, Rydberg's 
taxon, P. lagopus. I have seen the type at NY as well as an isotype at US. 
Although collected far to the south (western Nevada, Truckee Pass, 
Washoe Co.) of the presumed distribution of P. ornatum, it is indistin-
guishable, morphologically, from the more northern collections. To my 
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knowledge this southern distribution is represented by only two collec-
tions. Rydberg (lo c. cit. ) separated the two species as follows: 
"Bracts lanceolate, long attenuate, much exceeding the buds or 
calyces. 
39. P. ornatum, Oregon and Washington 
Bracts broadly obovate, abruptly acuminate, scarcely exceeding 
the buds or calyces. 
40. _!l. lagopus, Idaho, Nevada and western Utah" 
Among the plants examined from Washington and Oregon are found all 
shapes of bracts from narrow-lanceolate to rather broadly obovate, 
abruptly acuminate ones. Broad, short bracts, thus are not limited to 
the southern range. A further argument supporting merger of the two 
species is ecological. A finger of the "Sagebrush Steppe, Artemesia-
Agropyron Association" extends south into western Nevada from the 
Columbia Plateau (Kuchler 19 64) . Because of its southern occurrence, 
this material has been confused with P. searlsiae (Porter 1957). Speci-
fic differences between the two species are more fully discussed under 
P. searlsiae. 
Description 
Plants with reddish-colored roots giving rise to numerous, glabrous, 
green-glaucous stems, 3-5 dm long, often corky below, moderately 
striate on lower portions, strongly striate above, dotted with slightly 
protuberant brown-red g lands that are most pronounced and numerous at 
the stem apex. Stipules short, lanceolate, 1. 2-2. 2 (3. 0) mm long. 
Leaves solitary at nodes; rachis to 4 .0 cm in length, margined and 
glandular with prominent " stipel-glands" immediately below e ach petio-
lule insertion; rachis always extended 1. 5-3. 0 mm beyond the terminal 
pair of leaflets. Leaflets 5-7, varying in shape from broad-elliptical or 
broadly obovate to orbicular, 11- 25 mm long, 6-12 mm broad, often 
emarginate, pale green and smooth above, g ray- green and + prominently 
g landular below. Peduncles 2. 5-10. 0 cm long, usually at least one-
fourth the total stem length; sterile bracts lacking below the inflorescence. 
Inflorescence a compact, nonexpanding spike 12-16 mm broad and to 57 
mm long in fruit, usually conical in bud; rachis varying from glabrous to 
e xtremely pubescent. Bracts lanceolate, exceeding the calyx lobes in 
bud, equaling or exceeding them at anthesis, 0. 8-1. 8 mm wide, 4. 0-5. 6 
mm long; proximal half clasping calyx , possessing a strong midrib and 
scarious lateral areas, usually glabrous but sometimes with a ciliate 
midrib; distal half flat, green, drying black, often with scattered glands, 
sericeous-long-ciliate, cilia to 1. 5 mm long. Calyx tu:be campanulate , 
thin-walled often+ transparent with dark colored vascular bundles, 2. 6-
3. 8 mm long, cov~red with long a ppr es sed trichomes, often with rows of 
glands visible between vascular bundles; calyx lobes delta.id, g reen-dry-
ing black, 1. 2- 2. 0 mm long, sericeous, cilia to 1. 8 mm long. Corolla 
pale lavender; the standard 2. 4-3. 0 mm wide, 2. 7-4. 0 mm long, the base 
often slightly cordate, the apex entire or moderately emarginate, claw 
4. 5-6. 0 mm long; apical petals oblong to slightly oblanceolate, often in-
serted slightly below the apex of the androecial tube, the central pair in-
serted lower than the lateral pair, 3. 5-2±. 7 mm long, 1. 4-2. 1 mm wide, 
the claws 1. 2-1. 7 mm long. Staminal tube about 4. 5 mm long , the free 
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portion of the filaments 4 . 0-5. 5 mm; anthers yellow. Carpel bearded, 
predominately so dorsally although + pubescent over entire distal half; 
ovary 1. 8 - 2 . 2 mm long, 1. 0 mm in diameter; style inserted on the car-
pel axis, 8. 0 mm long, ciliate dorsally from the proximal end to about 
half its length. Pod not exserted from calyx tube at maturity, pubescent 
distally, glabrous proximally, the style r emnant directed upward be-
tween dor s o-lateral lobes of calyx. 
Distribution and phenology 
Limited to the Columbia Plateau (Fenneman 19 31) and adjacent areas 
to the south; within this geological area t o the " Sagebrush Steppe, 
Artemesia-Agropyron Association" (Kuchler 1964). Found on the bluffs, 
rocky hillsides and slopes in sands and sandy clays. Flowering period 
from early May t o early July, peeking during the firs t week of June. 
20 . PETALOSTEMON COMPACTUM (Spr eng.) Swezey (Map 11 ) 
Petalostemon compactum (Spreng .) Swezey. Nebr. Fl. Pl. 1:6. ( 189 1) . 
Based on Dalea cornpacta Spreng . 
Dalea compacta Spreng. Sy st. Veg . 3: 327 . ( 1826). (2) ( 4). 
~ostemon macrostachyum Tor r. Ann. Lye. N at. Hist. N . Y. 
2: 176-17 7. (1828) . (2) . 
Kuhnistera compacta (Spreng .) Kuntze. Rev. Gen. Pl. 1:1 92 . (1891). 
Based on Dalea compacta Spreng. 
Nomencla tur e and observations 
The nomenclatural problems involved in the adoption of P. compactum 
(Spreng .) Swezey are dis cuss ed by Isely (1962) . In summary, the Sprengel 
des cription is inadequate and the Sprengel herbarium was broken up in the 
1860 1 s and a portion assumed to possess the ' sought-after material de-
stroyed during World Wa r II. P. macrostachyum, published 2 years sub-
sequent to the Sprengel name is clearly identifiable but has not been used 
by Twentieth C entury botanists because of its relation to synonymy by 
both Swezey and Kuntze . As to why Swezey and Kuntze placed the Torrey 
name in synonymy is not clear-neither offer an explanation. Isely con-
cludes that it is probable that neither of the two could have had ace es s to 
the Sprengel specimens or at least information about them on which to 
base ' the ir decisions. 
Barneby proposes that the e pithet P. c ompacturn be ascribed to what 
I herein interpret as P. decumbens N~tt. primarily on the grounds that 
the specimen must ha-;e been collected by Nuttal along the Red River 
(Sprengel states, Ad Fl. Rio Roxo in ditione Arkansa Amer. bor .) and 
must therefore have been P. decumbens sensu Nutt. (pers. comm. to 
D. Isely, 22 October 19 66). 
The circumstantial e vidence presented by Barneby deserves considera-
tion. But lacking a type specimen I cannot presently justify his point of 
view; I leave subsequent documentation to him. 
It is obvious that this taxon and P. ornatum are related. Both possess 
similar bract and calyx pubescen ce, thin, transparent calyces w ith red-
black vascular bundles, petals inserted slightly below the apex of the 
androecial tube, elliptical, carpels and pods not exse rted beyond the 
calyx lobes. The relationship of these two taxa wa s first sugge sted by 
Heller on an annotation label placed on a New Mexico collection of 
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~· compactum (Vasey 1881, Albuquerque). It reads: "Seems to be in-
termediate between K. ornata and K. compacta. " 
The corolla color-of fresh material is said to be white to yellowish-
whi te. When dried, the petals appear pale yellow. One collection from 
New Mexico (Ripley and Barneby 8347) seems to possess lavender p etals. 
Close examination, however, shows it otherwise to fit clearly within the 
circumscrption of!:'· compactum. 
Description 
Plants with relatively few stems branching from an orange-red tap-
root, 3-5 dm tall, erect, branching above, glabrous, pale straw-colored 
with prominent, slightly protuberant brown-red glands. Stipules 2. 0-
3. 5 mm long; rachis extended 2-5 mm beyond terminal pair of leaflets; 
large " stipel glands" often present immediately below the petiolule in-
sertions; leaflets 7-9 (11), elliptical, acute, to 25 mm long and 6 mm 
wide, usually four times as long as wide; pale green and nonglandular 
above, gray-green and glandular-punctate below, the glands generally 
restricted to areas near the margin of midrib. Peduncles 8-13 ( 15) cm 
long; glands protuberant, most numerous and pronounced near the apex. 
Inflorescence a nonexpanding, compact spike beginning anthesis when 2 
cm long but through further floral differentiation, attaining length of 8- 10 
( 12) cm with a breadth of 1. 0-1. 2 cm. Rachis 3 cm in diameter, densely 
spreading-villous, the cilia immediately below flowers retrorse; fre-
quently with a whorl of sterile bracts at the base of the spike. Fertile 
bracts exceeding calyx lobes in bud and at anthesis, narrow-lanceolate 
with a prominent midrib proximally , 6-8 mm long, 0. 5 mm wide, pubes-
cence, spreading villous - s ericeous, covering the surface distally, re-
stricted to midrib proximally especially pronounced at margins, the 
trichomes 1. 5 mm long; calyx tube thin-walled and relatively transparent, 
1. 8-2 . 2 mm long; vascular bundles drying red- black, visible through 
sericeous indument; lobes equaling tube, 1. 6-2. 2 (2. 4) mm long, often 
not visible through the dense, spreading,, cilia covering them. Corolla 
yellow-white (bluish in New Mexico?); standard 1. 8-2. 2 mm long and as 
broad, rounded-deltoid, slightly cordate, the anterior margin often cre-
nate; apical petals 2. 0- 3. 2 mm long, 0. 5-0. 8 mm wide, oblong; claws 
1. 5 mm long, inserted just slightly below the apex of the standard tube, 
all at the same distance from the floral base. Androecial tube 3. 0-3. 2 
mm long; free filaments 3. 0-3. 4 (4) mm long. Ovary elliptical 1. 8-2. 2 
mm long, 0. 7-0. 9 mm in diameter, long ciliate on distal half; style 4. 0-
4. 5 mm long, ciliate dorsally from the proximal end to one-third its 
length; stigma not exserted beyond anthers. Pod not exserted beyond the 
apices of the calyx lobes at maturity. 
Distribution and phenology 
Widely distributed but infrequent on the Great Plains from southwest-
ern South Dakota to central New Mexico and west Texas. Apparently 
growing in a variety of habitats- sandhills, rocky slopes and knolls. 
Flowering time is sporadic, as early as late May and as late as late Sep-
tember. Maximum flowering is in mid to late July. The southern popu-
lations do not seem to flower earlier than those in the more northern part 
of the range. 
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Map 11. Geographic distribution of Petalostemon compactum and P. 
obovatum. -
21. PETALOSTEMON OBOVATUM T. and G. (Map 11, Fig. 12E) 
Petalostemon obovatum T. and G. Fl. N. Am. 1:310. (1838). lsotype 
in US. (1) (2). 
Dalea agastachys Morie, Pl. Nouv. Am. 65-66, p. 44. (1839). 
--r50type in NY. (1) (2). 
Kuhnistera agastachya (Morie.) Kuntze. Rev, Gen. Pl. 1: 19 2. ( 1891). 
Based on Dalea agastachya Morie. 
Kuhnistera o~a (T. and G.) Heller. Bull. Torr. Bot. Club. 23: 122. 
( 189 6). Based on Petalostemon obovatum T. and G. 
Nomenclature and observations 
The publication of Moricand' s Plantes nouvelles d'Amerique (loc. cit.) 
was spread over the years 1833-1846. There is no indication in the paper 
itself as to the dates of publication of the various parts. The exact date 
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of publication of pp. 65- 66 is 18 39 , according to Rickett and Stafleu 
(1 9 61), confirms the date cited by Heller (1896) . 
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This species is unique in that it sets seeds freely even in the absence 
of insect pollinators. The free filaments are very short and do not di-
verge from the longitudinal floral axis as in all other species. At anthe-
sis, the style is shorter than the anthers but gradually elongates, pass-
ing through the pollen masses held by the filaments and anthers thus 
effecting pollination. Another unique characteristi c is the long, plumose 
calyx lobes, reminiscent of those found in subgenus Kuhnistera. P. obo-
vatum seems most closely allied with P. compactum. Both share: 
1) indeterminate spike growth with flo.,;ers developing apically while 
fruits are falling from the rachis below; 2) clustered sterile bracts at 
the base of the spike; and, 3) a densely villous- sericeous calyx with 
transparent tube and dark- c olored vascular bundles. 
Description 
Plants ·arising from a long, relatively unbranched, yellow-red tap-
root. Stems 4-5 dm long and to 6 mm thick at the base, decumbent and 
unbranched below, erect and often branched above, spreading pilose 
throughout their length. Stipules 4 - 7 ( 10) mm long, lanceolate from a 
broad base, spreading pilose. Leaves 3-4 (4 . 5) cm long, often deciduous 
on lower portions of stems; rachis extended beyond distal pair of leaflets 
2 . 5-4. 5 mm; leaflets (7) 9-11 in number, 10-13 mm long, 5-8 mm wide, 
obovate, obtuse or emarginate at apex, appressed ciliate on both sur-
faces. Peduncles short or essentially nonexistent, a maximum of 1 cm 
long. Inflorescence a compact spike showing no rachis elongation in 
fruit, but increasing in length due t o apical floral differentiation follow-
ing anthesis of lower flowers (spike then about 4 cm long), reaching a 
maximum of8-10 cm in fruit, 1.4-2.0 (2 . 4) cm in diameter; inflores-
cence subtended by a whorl of sterile bracts . Fertile bracts concave, 
obovate, about 8 . 0 mm long, 3. 3 mm wide, conspicuously glandular on 
the abaxial surface, pilose, spreading-ciliate, the trichomes 2. 0 mm 
long; bract body 4 . 5 mm long, gradually tapering to an acumen 3. 5 mm 
long , the tip drying dark red- brown; entire bract exceeding calyx lobes 
both in bud and in fruit; proximal portion of bract strongly " v- shaped" ; 
margins scarious. Calyx tube transparent, spreading-villous, 2. 2-2. 5 
mm long, the vascular bundles d rying red, clearly visible through the 
dense pubescence; lobes plumose, equaling or exce eding tube, subulate 
from a broad base, 2. 0-3. 0 mm long, the sinuses rounded between lobes. 
Corolla yellowish-white; standard 3. 0-3. 3 mm long, 1. 6-1. 8 mm wide, 
somewhat rectangular, truncate or slightly emarginate at apex, surpass-
ing other floral parts following anthesis; claw 3. 8-4. 7 mm long; apical 
petals 2. 8-3. 4 mm long, 1. 0 mm wide , rounded-oblong to obovate, the 
claws 0. 6 mm long, inserted at the apex of the staminal tube. Androecial 
tube 4. 6- 5 . 0 mm long, the filaments 2. 5- 3. 0 mm long, not spreading 
from longitudinal floral axis, the pale yellow anthers equaling the stigma 
in exsertion. Ovary 1. 6-1. 7 mm long , 1. 0-1. 1 mm in diameter, densely 
villous in its entirety, the cilia especially prominent distally; style 5 mm 
long, ciliate only at the very proximal end. Pod spreading-villous, not 
surpassing calyx lobes at maturity. 
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Distribution and phenology 
Restricted to the "deep sands " (Gould 19 62) of south Texas, usually 
growing in association with Dalea emarginata. Flowering from early 
April to mid-July. ---
H. PURPUREI 
Distinguishing characteristics 
Leaves with (3) 5-9 ( 13) leaflets. Bracts and calyces with + appressed, 
usually short pubescence; calyces lacking prominent ribbing; corollas 
purple; anthers orange-yellow. 
Distribution and ecology 
Restricted to the Great Plains and Prairies. None extend west of the 
Continental Divide and few penetrate into the Gulf Coastal Plain. Most 
appear to be calciphilic, growing either on limestone substrates or cal-
careous prairie soils. 
Observations 
Even though some species characteristically have leaves with a maxi-
mum number of leaflets greater than 5, pentafoliate leaves predominate 
in this group. Trifoliate leaves are generally found only near the stem 
tips or stem bases (first formed leaves). Bract and calyx pubescence is 
short, often appressed, but sometimes spreading. Most species possess 
bracts that are glabrous except for a transverse belt of appressed cilia 
immediately below the base of the acumen, but in others, the bracts are 
uniformly pubescent. Calyx pubescence is uniform in some species but 
varying degrees of 11 balding " also occur. The extreme condition is 
reached in P. pulcherrimum, in which only an a ppr es sed fringe of hairs 
is found on the lateral margins of the calyx tube. In all species, the 
calyx is seldom prominently 10-ribbed, the vascular bundles supplying 
the lobes seem deeply imbedded within the tis sues of the calyx wall and 
show little sclerification. P. tenuifolium shows moderate ribbing, but 
it is generally concealed by-the typical spreading pubescence of this 
species. All taxa possess a purplish corolla with a range between species 
from pale lavender through blue to red-purple. There is little variation 
within single species and most populations appear quite uniform in this 
characteristic. Compatibility tests carried on over the past 3 years have 
shown that all species of the complex are interfertile; furthermore, the 
progeny show no abnormal meiotic divisions or reduction in viable pollen. 
There can be discerned three morphological units within the complex 
which are marked by variations in calyx shape. One group, perhaps the 
most generalized, is represented by P. purpureum, the most wide-
ranging species of the complex. This species possesses a tubular calyx 
of intermediate length (2. 5-4. 0 mm). The bract bodies are invested 
with a transverse belt of cilia, the remainder of the bract is glabrous. 
P. gattingeri, P. tenue, P. arenicola, P. tenuifolium and P. rever-
cho°llii form anoth;r group, all possessing short (2. 0-3. 0 mm)-campanu-
late calyces and narrow spikes. Generally the lobes are longer in rela-
tion to the calyx tube than in the other two groups. Even though uniform 
in major characteristics, there is considerable diversity within this 
group. For example, P. gattingeri, P. reverchonii and P. tenuifolium 
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Figure 11. Floral parts and seeds of species in section Purpurei. 
All floral drawings except I are x5. All seeds and the 
petals in I are xl 5. 
A. P. tenuifolium. 1. lateral view of flower. 2. seed. 
3. ~droecium and gynoecium, standard removed. 
4. carpel. 5. bract. 
B. P. decumbens. 1. lateral view of flowers. 2. seed. 
C. P. purpureum, seed. D. P. tenue, seed. 
E. P. reverchonii, seed. F. -P. ~ingeri, seed. 
G. P. tenuifolium x P. gattingeri. 1. legume. 2. fruit. 
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H. P. pulcherrimum-; seed. I. P. arenicolia. 1. standard 
(folded in the center due to concave shape). 2. apical petal. 
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all possess a rachis that elongates following anthesis, but both P. tenue 
and P. arenicola retain a compact spike even in fruit. There is also 
vari"ition in calyx pubescence, from the spreading in vesture of P. ten-
nuifolium to the retrorse cilia of P. tenue. Although leaflet nurnbei='"is 
quite homogeneous in this g roup, the ~sual, high leaflet number of P. 
reverchonii sets it quite apart from its associates. P. tenuifolium -
seems to represent the closest line to the P. purpur~um tubular calyx 
form in closely resembling some of the " ~olle-pubescens" specimens of 
the western range of P. purpureum. The latter show a slight tendency 
for rachis elongation and short, almost campanulate calyx tubes, but 
retain all the other P. purpureum characters. On the other hand, P. 
tenue, even though ~ecialized in the possession of retrorse pubescence, 
seems related in certain characteristics to the last unit of the complex, 
which is represented by P. decumbens and P. pulcherrimum. These 
two species have long, t~ular, parchment-like calyces that are basally-
rounded deltoid in cross section and possess short, incurved lobes . The 
dorso-lateral lobes arise from flat surfaces and the three ventral lobes 
from the hemispherical lower part of the tube. The calyx of P. tenue is 
similarly shaped. Calyx pubescence is limited in both species: in P. 
pulcherrimum, it consists of a fringe along the late ral angles, in P~ de-
cumbens, of a distal-lateral fringe plus generalized pubescence toward 
the base of the calyx. Both species have glabrous ovaries or nearly so, 
a condition also found in P. tenue. 
Hybridization in field populations of P etalostemon is apparently rare. 
I have observed it only in P. decumbens, P. pulcherrimum, and P. pur-
pureum, and then only in the contiguous s;utheastern Oklahoma c;unties: 
Marshall, Bryan, Choctaw and McCurtain. Detailed analyses of these 
hybrid populations will be treated in a subsequent publication. Hybridi-
zation between P. purpureum and P. gattingeri has been observed in 
central Tennes;;-ee by Miss Sally Walker of Vanderbilt University (pe rs. 
comm. 1966). 
Key to the Species 
1. Rachis elongating following anthesis, the raceme becoming lax; 
bracts fugacious, evenly pubescent, the cilia not restricted to 
a narrow, transvers e, a ppr es sed band at the base of the acumen; 
calyx evenly pubescent with short, spreading indument. 
2. Leaflets 9-11 (13); stems less than 2 dm tall; rare, known 
only from type locality, Hood Co., Texas . 22. P. reverchonii 
2. Leaflets 3-19; stems longer than 2 dm; not restricted as 
above. 
3. Leaflets 3-5; stem base and apex of long peduncle with 
dense spreading pubescence; bracts 2 mm broad or more; 
north Texas and adjacent areas. 23. P. tenuifolium 
3. Leaflets 7-9; stem glabrous at base becoming slightly ciliate 
above , usually densely ciliate at apex of the short pedundle ; 
bracts less than 2 mm broad; central Tennessee, northwest 
Georgia and Alabama. 24. P. gattingeri 
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1. Rachis not elongating following anthesis, the raceme remaining 
compact; bracts persistent, not evenly pubescent, the pubescence 
restricted to a narrow, transverse, a ppr es sed band at the base 
of the acumen; calyx often unevenly pubescent, the cilia + ap-
pressed. -
4. Pubescence on distal 2/ 3 of calyx tube restricted to two bands 
of appressed cilia on lateral angles; spikes at anthesis usually 
12 mm or more in diameter; leaflet number 7-9; restricted to 
southeastern Oklahoma and Texas. 
5. Bracts shorter than calyx lobes at anthesis; leaflets less 
than 3 mm wide; peduncles 4 cm or longer; east-central 
Texas and adjacent counties in southern Oklahoma. 
75 
25. ~. pulcherrimum 
5. Bracts equaling or exceeding calyx lobes at anthesis; 
leaflets wider than 3 mm; peduncles 3 cm or less, spikes 
often subs es sile; restricted to southeastern Oklahoma 
and southeastern Texas. 26. P. decumbens 
4. Pubescence on distal 2/ 3 of calyx tube not restricted to 
lateral bands; spikes at anthesis usually less than 12 mm 
in diameter; leaflet number usually 5, rarely 7; not geo-
graphically restricted as above. 
6. Plants + pubescent with stems longer than 3. 5 dm, usually 
branchi-;_g above; peduncles short, less than 1/ 4 the length 
of the f:tems; spikes at anthesis 10 mm in diameter or 
wider; widespread from Canada to north Texas and Illinois 
to Colorado. 27. ~· purpureum 
6. Plants usually completely glabrous with stems shorter 
than 3. 5 dm, usually unbranched above; peduncles long, 
usually exceeding 1/ 4 the length of the stems; spikes at 
anthesis narrower than 10 mm; restricted to Texas and 
the Llano Estacada. 
7. Proximal calyx pubescence retrorse, directed toward 
the rachis; ovary glabrous or nearly so; central and 
east-central Texas. 28. P. tenue 
7. Proximal calyx pubescence antrorse, directed away 
from the rachis; ovary bearded; Llano Estacada. 
29. P. arenicola 
22. PETALOSTEMON REVERCHONII Wats. (Map 12, Fig. l lE) 
Petalostemon reverchoni Wats. Proc. Amer. Acad. E: 449 . ( 188 6). 
Type in GH. (1) (2). 
Kuhnistera reverchoni (Wats.) Heller. Bull. Torr. Bot. Club 23:124. 
( 189 6). Based on Petalostemon reverchoni Wats. 
Dalea reverchoni (Wats.) Shinners. Field and Lab. 17:84. (1949). 
~sed on Petalostemon reverchoni Wats. 
Nomenclature and observations 
According to the description, the type collection was, " .. On the 
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rocky top ot Comanche Peak, in western Texas; J. Reverchon. June 
1882 (n . 36). " I have seen two collections labeled No. 36. I accept as the 
type the specimen in GH; the other, an isotype, is at SMU. There are 
three additional Reverchon sheets also labeled Comanche Peak, June 
1882 but numbered 1273, in NY, MO, and US. It is possible that there 
was a discrepancy in Reverchon' s numbering system. For the present 
these sheets are assumed to be topotypes. The last collection of this 
taxon was in 1900 by H. Eggert (MO) . This specimen, collected 5 June 
1900 is in bud, clearly showing the precocious development of the bracts. 
The Reverchon specimens are, for the main part, fully in fruit but do 
possess small, secondary, axillary spikes at anthesis. There are few 
flowers on the latter spikes but the corolla color is retained. The corolla 
dimensions used in the description were extrapolated from a floral draw-
ing on a Reverchon, 36 sheet at NY. The drawing of the calyx on that 
sheet is quite accurate and I have assumed the same true of the corolla. 
I have compared this artist's drawings on other sheets with my own ob-
servations and found them consistently accurate. 
P. reverchonii represents somewhat of an enigma. It fits clearly 
within this section of the genus on all characteristics except leaflet num-
ber and the possession of pubescent stems while having relatively glab-
rous foliage. It has the elongating rachis characteristic of P. tenuifolium, 
yet the restricted bract pubescence and ciliation of P. areni~ola. It is 
clearly related to the last two species as well as P.-tenue on the basis of 
calyx shape. Its location is within the current geographic range of P. 
tenue and apparently occupies the same " ecological niche." EvidenZe for 
this is given by Shinners (1949b), who says: 
This is one of the most highly restricted endemics in north Texas. 
Comanche Peak is a massive, flat-topped outlier capped by one of 
the resistant limestone formations which make up the Edwards 
Plateau farther south and west. On the Edwards Plateau, the 
Comanche Peak limestone lies beneath other beds, but is exposed 
at many places in the intervening 'Lampasas Cut Plain' and else-
where. Quite possibly the actual range of Dalea reverchonii is 
greater than known at the present. 
Turner ( 19 59, pp. 165-166) comments, "It is close to P. purpureum 
and P. pulcherrimum but seems to have a combination of characters that 
mark it distinct. However, detailed study of the entire P. purpureum 
complex may necessitate a change in its status. " My study does not indi-
cate that any change is in order regarding the status of P. reverchonii-
it is distinctive but appears to belong clearly in the P. purpureum com-
plex. -
It is quite possible that P. reverchonii is no longer extant. For unlike 
P. sabinale, also a very rarely collected Texas endemic, P. reverchonii 
is not indivenous to a relatively remote, inaccessible area-: Considering 
the close proximity to major botanical institutions, it seems unlikely that 
this species would not be collected if it was still in existence. 
Description 
Stems multiple, arismg from a stout rootstock, 1-2 dm long, :: densely 
appressed-pubescent, striate, with three prominent ribs below each leaf. 
Stipules persistent, subulate, to 3 mm long. Leaves glabrous to glabrate, 
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fascicled, bearing 9 -11 ( 13) linea r- e lliptical, inc olute l eaflet s 5 - 8 mm 
long, 1. 5 mm wide , g labrous , pa l e , and nonglandular below. Peduncles 
short, less tha n 10 mm in length. Infloresc enc e an expanding spike or i-
g inating as a subg lobose bud, attaining 7 cm in fruit, 1 cm thick . Bracts 
fugacious as rachis e longat es, precocious, shorter than c a lyx l obes at 
anthesis , pubescent ove r the enti r e dis tal portion, the cilia not restricted 
to a narrow band, ciliat e - fringed on t he p r oximal margins . Calyx tube 
campanulate, evenly short- spreading-to slig htly appress ed - pube scent, 
2. 2 mm long , 2. 4 mm in diameter; ventral l obe 1. 8 mm long. Co r olla 
deep pink or r eddish, s tanda r d not l obed at base nor emarginate at apex, 
2 mm wide, 2 mm long ; apical petals oblon g , 2. 5 mm long , 0 . 9 mm w ide. 
Ovary slightly pubescent distally and ventrally, style inserted above the 
longitudinal axis. Pods developing ventrally and d istally , pushing up be -
t ween dorso-lateral lobes in fruit. 
Distribution and phenology 
Known only from the type locality, Comanche Peak, Hood Co., Texas . 
The t wo (three?) collections were made in J une , the one labeled 5 June 
190 0 by H . E gge rt, is in bud. the other, simply l abe l ed June by J. Rever -
chon, 1882 , has some spikes initiating anthesis and some i n full fru~ 
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Map 12. Geographic distribution of Petalostemon tenue, P. tenuifolium 
and P. reverchonii. --
23. PETA LOST EMON TENUIFOLIUM Gray (Map 12, Fig . l lA) 
Petalostemon tenuifolius Gray. Proc. Amer. Acad. 11:73-7 4. (1876) . 
Type in GH. (1) (2). 
Kuhnistera tenuifolia (Gray) Kuntze. Rev. Gen. Pl. _!_: 19 2. ( 18 9 1) . 
Based on P etalostemon tenuifolius Gray. 
Petalostemon porterianus Small. Fl. S. E. U.S. 631. (1903) . Original 
materialinGH. (1) (2). 
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Petalostemon rothrockii Rydb. Fl. N . Am. 24:134-135 . (1919-1920). 
Type in NY. (1) (2) . 
Dalea tenuifolia (Gray) Shinners. Field and Lab. 17:84. (1949 ). 
~sed on P e talostemon tenuifolius Gray. 
Nomenclature 
A single type sheet bearing specimens representing many of the names 
that have been applied to this taxon is in GH. The primary label at the 
lower right hand corner reads, " P etalostemon tenuifolius n. sp., Dr. J. T. 
Rothrock, No . 8 1, Explorations and Surveys We st of the lOOth Meridian, 
Corps of Eng ineers, U.S. Army, Expedition of 1874. " Four specimens 
on the rig ht side of the sheet (an entire branch, and three separate stems) 
are mounted over the penned inscription, " Crossing of Red River, Arkan-
sas, Dr. Newbe rry. " At the upper left-hand corner of the sheet is a 
handwritten not e signed by T. C. Porter reading: 
Petalo stemon [in ink J Searlsiae ? [in pencil J Dale a ? Allied to 
p. filiformis, Gr. (Pl. Wright. 1. 0. 39) but differs: Fruticulose 
at base-pubescent-leaves glandular-bracts broadly ovate and 
cuspidate-flowering spike lar ger and fruiting ones larger, l' - 3'. 
On route from Leavenworth to El Paso. Legit F. R. Diefendorfer. 
All this coincides with Gray's complex type citation in the description as, 
" ... Ark ansas, at the crossing of Red River, Dr. Newber ry; New Mexico, 
Mr . Dieffendorfer (ex T. C. Porter) , J. T. Rothrock. " 
That this sheet also cont;:i.ins material referable to a type of P. porter-
ianus Small is less clear. Small names no type nor does he cite speci-
mens. He merely states, " On prairies, Arkansas, Summer. " Further, 
there is evidently no material in NY annotated by Small as P. porterianus. 
The principal clue then is that the name sugge sts a Porter ~ollection or 
at least one on which Porter supplied the information . Seemingly of this 
mind, Rydberg (1919-1920) states at the clos e of his description, " Type 
l o cality: 'Leavenworth, Arkansas, to El Paso, Texas'." I take this to 
mean a designation by Rydberg of this specimen. In corroboration is a 
pencilled arrow pointing to a stem below Porter's note on the subject 
sheet, followed by, " P. porterianus Small, " signed " PAR " in Rydberg's 
hand. Inasmuch as Rydber g 's interpretation is plausible and the speci-
men is consiste nt with Small's description, acceptance of this specimen 
as the type seems reasonable. 
The primary differenc e among the specimens on this intricate sheet is 
that the calyx ribs ar e slig htly more prominent on that presumed to rep-
resent P. porterianus than that o f P. t enuifolium. This, in fact, was the 
main criterion on which the separation of the two was originally based. 
My experience has indicated that throughout the range of P. tenuifoliurn 
the calyx is ribbed, but spreading pubescence often obscue s t his. The 
specimen on the left of this sheet (that representing P. porterianus) is 
more matur e ; the spikes have lost their bracts and the calyces some of 
their pubescence: Therefore, the calyx ribbing is easily visible. The 
other differences stated by Small and amplified by Rydberg are well 
within the range of P. t e nuifolium as I understand it. 
The species P. rothrockii is based on a specimen supposedly collected 
in Arizona. Barneby (pers. comm. 196 6) believes it a duplicate of Roth-
rock 81, the typus of P. tenuifolium and actually collected in San Doval 
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County, N ew Mexico. Barne by says, " Many of Rothrock' s collections at 
N e w York are poorly or quite incorr e ctly labeled, and this is surely one 
of them. '' 
De scription 
Stems moderately striate, 2-5 dm t e ll, often branching above, slightly 
pubescent overall, with dense spreading cilia (to 0. 5 mm long) prominent 
at the stem base and a g ain just below the inflorescence. Stipules subu-
late, dark, to 5 mm long. Leaves fascicled; leaflets linear, 3-5, slightly 
ciliate at margins, involute, often curving when dried. Peduncles vari-
able in length, 0. 9-12. 5 cm, elongating in a g e. Bracts precocious, ex-
ceeding the calyx lobes in bud, usually deciduous by anthesis, concomi-
tant with rachis elongation; not clasping calyx at base nor strong ly ke e l e d, 
2 mm broad or greater at expanded portion, 2. 5- 3. 0 mm long, narrowing 
gradually to the dark, subulate acumen, 0. 7-0. 9 mm long ; entire surface 
evenly pubescent; anterior edg e r ounde d, ciliate-fring ed. Inflorescence 
globose in bud, becoming columnar; rachis elongating followin g anthesis, 
the raceme becoming lax and often sinuous , up to 10 cm long , 7-10 mm 
wide. Calyx 10-ribbed, often barely visible through spreading pubes-
cence of hairs up to 1 mm long ; tube campanulate, 2. 4-2. 8 mm long ; 
dor so- lateral lobes deltoid, ventro- lateral and ventral lobes lanceolate, 
the latter 1. 7 - 2. 0 mm long. Corolla violet to purple; standard blade 
2. 0-2. 2 mm long, 2. 0-2 . 3 mm wide, strong ly auricled, the claw 2. 2-3. 3 
mm long; apical petals inserted slightly below the apex of the staminal 
tube in prominent sockets, the blades 3. 0-3. 5 mm long, 1. 0-1. 5 mm 
wide, squared at the base but not auricled, claws O. 7-1. 3 mm long. An-
thers extended slightly farther than petal apices; pollen a bright yellow. 
Ovary 1. 9-2. 2 mm long, 0. 8-1. 1 mm in diameter, densely bearded on 
the distal half, the beard most prominently developed ventrally; pubes-
cence continuing distally on the dorsal surface of the style for slightly 
over half its length; style inserted above the longitudinal axis of the carpel 
and in fruit directed upward at a 45 ° angle due to ventral development of 
the pod. 
Distribution and phenology 
Southwestern Kansas, southeastern Colorado, northeastern N ew 
Mexico and the panhandles of Oklaho ma and Texas. Growing in rocky 
limestone soils usually in unprotect e d areas. Initiating anthe sis in early 
May but not reaching maximum until early June, then tapering off until 
late July. A few collections have been made even later in the season, 
perhaps flowering at this time due to late season rains. 
Observations 
The rang e of P. tenuifolium is the southern part of the Llano Estacada 
and west intc n o rthern New Mexico. In parts of its rang e it is sympatric 
with P. purpureum and P. arenicola. It can readily be distinguishe d 
from -both by its unique ~achis elongation and spreading pubescence at the 
stem base. 
The habitat preference of P. tenuifolium is on the mesa tops, the 
limestone cap rocks of the Llano Estacada. This contrasts with the habi-
tat preference of P. arenicola, the sandy stream beds dissecting this 
area, and that of P. purpureum, the relatively rich but rare prairie soils 
of this general area. 
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P, t enuifolium is the only species of section Purpurei showing petal 
ins-;;rtion slightly below the apex of the staminal tube. This character-
istic is considerably more common in section Ornati. In all other char-
acteristics, however, P. tenuifolium clearly fits into the Purpurei. The 
occurrence of this pre~umed " daleoid " characteristic in two sections of 
Petalostemon (and among species clearly Petalostemon on the basis of 
other characters) strongly suggests that this type of petal insertion is a 
secondarily derived feature. There is no indication of affinity with those 
Daleae with subterminal petal articulation. 
24. PETALOSTEMON GATTINGERI (Heller) Heller (Map 13, Fig. l lF) 
Petalostemon gattingeri (Heller) Heller. Bull. Torr. Bot. Club 26: 
593. (1899). Based on Kuhnistera gattinge ri Heller . 
Kuhnistera g attingeri Heller. Bull. Torr. Bot. Club 23: 121 and pl. 
262. (1896). Type in US. (1) (2). 
Nomenclature and observations 
Although Heller, in naming the species in honor of Dr. A. Gattinger, 
did not single out a specific sheet, he did comment that, "Some of his 
[Gattinger' s J specimens are in Curtiss' North American Plants, no. 565. " 
I have seen five sheets so designated, (SMU, TENN, GA, 2.-US). By far 
the best specimen is at US, and I designate it as the lectotype, US 24537. 
P. gattingeri is an element of a flora endemic to the Cedar Glades of 
Central T enness ee and adjacent areas. The glades are a part of the 
Central or N ashville Basin (Quarterman 1950) and occur where the usual 
rolling upland pastures and alluvial farm lands are eroded away exposing 
horizontal layers of Lebanon limestone and Ordovician sediment. These 
strata are impervious to water and at certain times of the year are sub-
merged. Some drainage is accomplished through small sink holes and 
vertical fissures which fill with soil allowing growth of clumps or rows 
of trees or larger shrubs. The strata themselves are often covered with 
a thin layer of soil varying up to one foot in depth. It is in this substrate 
that P. gattingeri grows . Quarterman classified P. gattingeri as a 
" characteristic species"; i.e.' it was found in over 80% of the glade 
areas she examined. Nostoc commune Vauch, and Aristida longispica 
Pair. were the only other two species so recognized, but the glades con-
tain numerous other endemics. Quarterman presents two hypotheses to 
explain the characteristic flora of the glades; 1) " The occurrence of both 
wet and dry extremes must limit the number of species capable of living 
in g lade areas " and 2) "Re striction of certain species to glade s is prob-
ably also affected by their inability to compete with mesic species in 
more favorable habitats. " 
Dolomitic limestone glades also occur in east central M i s s ouri and 
many of the same species are found in these glades, but P etd.lostemon 
gattingeri is not among them. I have collected P. purpureum from one 
such glade in the Missouri Botanical Garden arboretum, Franklin County, 
Missouri (Wemple 478) . This plant appeared no different from the typical 
prairie form of P. purpureum elsewhere in Missouri. 
Under greenhouse cultivation, the matted growth habit of~· gattingeri 
remains constant as do all the other distinctive floral characters. Pro-
geny grown from field collected seeds were uniform, growing and flower-
ing with no special care beyond that given to other species of Petalostemon. 
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Description 
Root black, massive and highly ra:mified, usually branching laterally 
immediately below the caudex . Stems many, branched, 2-4 dm long; 
glabrous and round at the base, becoming slightly ciliate and striate 
above, usually prostrate, inner ones ere ct, plants forming low growing 
mats. Stipules subulate, 5-7 mm long, persistent and drying straw 
colored. Leaves fascicled, the major leaf often w ith two minor trifoli-
ate axillary leaves, occasionally an entire compressed branch system; 
mature leaf rachis to 20 mm in length bearing 7-9 narrow-lanceolate 
leaflets 10-1 4 mm long, 0. 9 -2. 3 mm wide, usually near 1 mm, the wider 
leaflets restricted to leaves at the base of stems; leaflets moderately 
involute, drying pale green above, darker below with small, red glands 
visible only on the lower surface. Peduncles short, less than 3 cm, 
often lacking; apex becoming densely ciliate. Inflo rescence an expanded 
columnar spike often becoming sinuous in fruit, 70 mm in length, never 
exc eeding 10 mm in width, bracts precocious, far exceeding the calyx 
lobes in bud and equaling or slightly exceeding them at anthesis, fuga-
cious as spike expands; body 1. 5 mm long, elliptical, not tightly com-
pressing calyx at base; bract pubescence evenly spreading over distal 
surface, not restricted to a narrow belt; distal-lateral margin fringed, 
the proximal end glabrous; acumen subulate, to 6 mm, often ciliate and 
recurved abaxially, especially in bud. Calyx tube campanulate, 10-
ribbed, 2. 0-2. 6 mm long, evenly, densely pubescent; trichomes 0. 7 mm 
long, drying silvery over the pale rust colored tube; lobes evenly ciliate, 
lanceolate, often spreading away from longitudinal calyx axis, the ven-
tral lobe 1. 7-2. 5 mm, g reen in color persistent through drying. Corolla 
pale t o deep purple ; standard blade 2. 3-2. 6 mm wide, 1. 4-2. 0 mm long, 
deltoid, not auricled at base, the distal margin entire; claw 3. 0-4. 0 mm 
long; the apical petal lamina oblong- elliptical, 3. 0- 3. 4 mm long, 1. 3-1. 4 
mm wide, the claws 1. 2-1. 3 mm, cuneate at lamina base. Androecial 
tube 3. 2 mm long, not exserted beyond calyx lobes; filaments 5. 0-5. 5 
mm, purple, exserted beyond petal apices; anthers yellow-orange with 
lateral dehiscence lines bright red; pollen a bright orange. Ovary 1. 2 
mm long, 1. 0 mm in diameter, strongly bearded on the distal-ventral 
2 / 3, the style 8. 0 mm, bearded dorsally and proximally, 1 /3 to 1 / 2 its 
length. 
Distribution and phenology 
Central Basin of Tennessee, northwestern Georgia and northwestern 
Alabama. Restricted to glade environments. Initiatint anthesis in early 
May, reaching a peak at the middle of that month and grad-µally decreas-
ing. Flowering may, however, continue to early August, due to secon-
dary, axillary blooming. 
25. PETALOSTEMON PULCHERRIMUM (Heller) Heller (Map 14, Fig. l lH) 
Petalostemon pulcherrimum (Helle r ) (Heller, Bull. Torr. Bot. Club 
26: 59 3. ( 1899). Based on Kuhnistera pulcherrima Heller. 
Pet-;:-lostemon virgatum Scheele. Linnaea 21:461. (1848). (2). Not 
~· virgatum Nees von Esenbeck. (1840)-:-
Petalostemon violaceum var. pubescens Gray. Smith. Contr. Knowl-
edge 3:46. ( 1852). Based on Petalostemon virgatum Scheele. 
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Kuhnistera pulcherrima He ller. Contrib. Herb. Franklin and Mar-
shall College 1: 50- 51. ( 189 5). Based on P etalo stemon virgatum 
Scheele. -
Petalostemon pubescens (G ray) Heller. Muhlenbergia 1:28. (1901). 
Based on Petalostemon violaceum var. pubescens Gray. Not 
Petalostemon pubescens A. Ne ls. (1901) . 
Dalea stanfieldii (Small) Shinners (in part) . Field and Lab. 17 :84. 
--( 1-9 49) . Based on P e talostemon stanfieldii Small. 
Dale a helleri Shinners. Field and Lab. 21: 165. ( 19 5 3). Based on 
Petalostemon virgatum Sche e le. 
Nomenclature and observations 
Adolf Scheele (lac. cit. ) was the f irst to apply a name to this species. 
His description is lucid and concis e, clearly setting it apart from P. 
violaceum (P. purpur eum) . Unfortunat e ly, his name, P. virgatuffi, had 
been preempted 9 years e arlier by Nee s van Esenbeck and is now in 
synonymy under P. o ccidentale. It is probable that Asa Gray, the next 
person to deal with the n omenclature of this taxon, did not realize that 
Sche ~le ' s name was a later homonym. Gray's work has been discussed 
in detail by Heller ( 190 1). The following is but a brief review: 
Gray in Plantae Lind h e ime rianae (1850) stated in a footnote (p. 17 6): 
' P etalostemon virgatum, Scheele, in Linnaea, 2 1, p. 46 1, is 
plainly the No . 42, Pl. Lind. [of Lindheimer] and No . 137, Pl. 
Fendl. [of Fendler], vi z . a pubes c e nt varie t y of P. violacemn, 
perhaps connecting that specie s with!'· decumbens.' 
I have examined the three sheets making up Lindheimer 42 (GH), and they 
a re clearly P. pulcherrimum (Scheele' s P. vir gatum) . The single sheet, 
Fendler 137-; is definitely not the same species, but rather it is what 
Gray accurately described - " a pubescent variety of P. violaceum" (P. 
purpureum) . In short, Gray misinterpreted Scheele' s concept of P. ~r­
g atum, or perhaps as Heller (lac. cit. ) put it, " ... Dr. Gray ve~y much 
underrated the excellent wo r k of Scheele, refusing , at least for a time, 
to reco gnize some very good species which he described. 
Gray (lac. cit. ) published P. violaceum var. pubescens but further 
compounded nomenclatural problems by writing (p. 46): 
137. Petalostemon violaceum, Michx., var. pubescens (Gray, 
Pl. Fendl. p. 33) . P. virgatum, Scheele in Linnaea, 21. p 461. 
Prairies, Austin, Texas. -From the Snake Country, in the 
interior of Oregon, Mr. Burke sent to Sir Wm. Hooker dwarf 
spe cimens of this variety, and from the Black Hills of the Platte 
both Burke and Gordon have sent others, with densely pubescent 
leaves and even tomentose s_tems, which I cannot othe rwise dis-
tinguish from this species. 
This discussion presents two nomenclatural problems. First, Gray's 
citation back to his preceding publication, Plantae Fendlerianae (1849), 
is incorrect because there, under N o. 137, Gray had: " P. violaceum 
Michx .... a pubescent variety; the calyx very silky-villous. Five 
mile~ west of Las Vegas, New Mexico; August. " This is not a valid 
publication of a new variety . Secondly, his use of the Scheele name as a 
synonym follows that in his Plantae Lindheimerianae ( 1850) discussion, 
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but he cites the Burke and Gordon specimens as repres entatives of this 
new taxon. I have examined one of Burke's sheets (NY, unnumbered, 
Snake River Country), and it fits into the gene ral range of variation of 
P. purpureum. Even though Gray obviously intended this name for the 
extremely pubescent forms of P. purpureum, still, according to nomen-
clatural practice, the name P .-violaceum var. pubescens is legally 
based on the description of P. virgatum Scheele. 
Heller published Kuhnistera pulcherrima as a nomen novum in 189 5 
and based it on P. virgatum Scheele. Following the description he speaks 
of his finding the plant and recognizing its individuality from other purple 
flowered species and naming it a "n. sp., " the designation that occurs on 
his widely d istributed No . 1857 (3-ISC , 2-SMU, 2-US, 1-NY, 1-MO, 
1-0KLA). 
Four years later, Heller transferred K . pulcherrima to Petalostemon 
along with three other species originally placed in Kuhnistera. Later 
still, Heller made a final transfer of his species to P. pubescens (A. 
Gray) Heller, listing P. violaceum var. pubescens A. Gray., P. vir ga-
tum Scheele, K. pulcherrima Heller and P. pulcherrimum (Heller) Hel-
kr, as synonyms. He concluded with thi; sentence: 
This beautiful species has been burdened with much synonymy 
mainly by the writer, who may perhaps be pardoned for not earlier 
understanding the true place of publication of the first available 
name, when vi ewed in the light of the preceding article. 
Unfortunately Heller's publication appeared one month after the publica-
tion by Aven Nelson of P. pubescens (Bot. Gaz. 31:39 5. 19 01, June) and 
so it too (the Heller name) is a later homonym and the epithet P. pulcher-
rimum must be accepted. - ---
----petalostemon pulcherrimum is readily recognized by four character-
istics: 1) long peduncles, 2) a long tubular calyx with short lobes, 3) a 
g labrous calyx tube for the ciliate bands on the lateral mar g ins and 4) 
short bracts. The g rowth pattern is variable and ranges from decumbent 
to erect . This variation was first thought to be due to hybridi zation with 
P. decumbens, but analysis shows de cumbent material clearly to be P. 
pulcherrimum. Hybridization with~· purpureum has been previously 
discussed . 
D e scription 
Stems many, usually robust, varying from erect to decumbent, 3. 5-
7. 5 dm in length, usually smooth near the base, becoming striate in 
upper portions; red "glands " apparent on dried stem, 1 mm in diameter, 
flush with surface; three vertical ribs below leaf axes not obvious on 
lower parts of stems but becoming obvious above; glabrate to moderately 
pubescent, usually more pubescent at apex of peduncle. Stipules subulate-
s etaceous, 3-15 mm in length. Leaves fascicled, seldom more than 
three trifoliate leaves in axils; leaflets 3-7, the terminal one to 26 mm 
long and 3 mm at widest point, elliptical, slightly involute; glandular and 
g labrous above. Peduncles 4-15 cm long. Inflorescence a columnar, 
nonexpanding spike, 15- 35 mm long, 11-14 mm wide. Bracts not pre-
cocious, never exceeding calyx lobes even in bud; acumen 0. 6-1. 2 mm 
long, subulate, drying black, always shorter than the calyx lobes and 
usually as short as the tube itself at anthesis; body, 2. 5-3. 0 mm long, 
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not markedly expanding distally, pubescence restr icted to a transverse 
belt of appressed cilia immediately below t he acumen and a ciliate fringe 
along the margin t oward the rachis, strongly clasping the calyx through-
out its length. Calyx t u bular , dorso-lateral surfaces flat, ventral sur-
face curved; tube glabrous, white, drying to a pale, thick, parchment-
like surface save for two bands of appressed cilia along late ral margins, 
silvery, drying rufous; entire calyx tissue infiltrated with a gum, which 
dries to a shiny red, oft en showing through t o the outside as red streak -
ing; tube 3. 2-3. 9 mm long and 1. 9 - 2. 4 mm in diamet e r; lobes pub e scent, 
espe c ially on margins, incurved and valvate in bud, opening slightly at 
anthes i s , usually flared in fruit, dark green, drying reddish on the outer 
surface, remaining green on the inner, the ventral lobe 1. 0-1. 6 mm long ; 
ext ruded red gum lobelets ca. 0. 1 mm long scattered along margins. 
Co r olla b lue to lavender -purple, the standard suborbicular and slightly 
l obed, 2.5-2. 9 mm w id e, 2 .7- 2 . 8 mm long, the claw 4.0-4.5 mm; in 
fresh flowe rs the claw is parallel to the staminal tube until just below the 
blade whenc e it reflexes upward at 9 0 ° ; the apical p etals oblong, some-
times slightly o bovate, 3. 1- 4. 2 mm long , 1. 2 -1 . 4 mm wide, the lateral 
pair w ith claws offset t o one side, in the fresh flowe r arching up above, 
and lateral t o, the medial pair; claws 1. 0-1. 4 mm long. Staminal tube 
exsert ed beyond the calyx lobes; filaments purple when fresh, anthers 
bright o r ange , exc eeding the apical petals, the longitudinal dehiscence 
lines deep red. Ovary completely g labrous, 1. 3-1 . 7 mm long, 0. 8-1. 2 
mm i n diameter; style usually completely g labrous, occasionally slightly 
ciliate dorsally on the pr oximal third, inserted slightly below the long i-
t udinal axis of the ovary, never exceeding the exsertion of either petals 
or anthers, pigmented purple distally. P od develo ping mostly ventrally 
and distally, the proximal tissues of the style persisting as a dorsally 
directed beak. 
Distribution and phenology 
Restricted to rich, blackland prairies and asso ciated areas in east -
c entral Texas and adjacent c ounti es in southern Oklahoma. Occurrence 
in wes t e rn Texas (Hudspeth County) and New Mexi c o (Socorro County) is 
documented by only o ne c ollection each, possibly representing introduc-
tions or errors in colle ction data. Prima r y flowering time is from mid-
May t o ea rly June. 
26. PETALOSTEMON DECUMBENS Nutt. (Map 14, Fig. llB) 
P e talo stemon decumbens Nutt. Jour. Ac ad. N at. Sci . Phil. 7 :9 3. 
(1834). Type in NY. (1) (2) . 
Kuhnistera decumbens (Nutt.) Kuntz e . Rev. Gen . Pl. .!_: 19 2. ( 1891). 
Based on Petalostemon decumbens Nutt . 
Nom enclatur e and ob servations 
Nuttall' s definitive description (loc. cit. ) c oncludes, " On the plains of 
the R ed River, Common, Flowering in June. " The specimen at Phila-
delphia is labeled in Nuttall ' s hand, "Arkansas. " Adjacent to the name 
P. decumbens is an asterisk, Nuttall' s designation for a new species. 
The asterisk, however, is in pencil, n ot ink, as is the rest of the label. 
A specimen in the New York type collection is labeled in Nuttall' s hand-
writing with the location, " Red River. " It too has an asterisk but in ink 
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P. gattingerii 
P. arenicola 
Map 13. Geog raphic distribution of Petalostemon gattingeri and~· 
arenicola . 
• 
P. pulcherrimum P. decumbens 
Map 14. Geographic distribution of Petalostemon decumbens and P. 
pulcherrimum. 
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of the same type as the r e st of the label. It is a better specimen than 
the one at PH which has lost most of its leaves. A third Nuttall spe ci-
men at Cambridge labeled, "Arkansas Red Rive r " lack s a n asterisk . 
Presumably these thre e sheets were in Nuttall' s p o ssession when h e 
prepared his description and we r e subs equently distributed. It seems 
best to choose the specimen at NY to be th e lectotype on the basis of, 
1) the distinguishing asterisk matching the re st of the label, 2) the same 
locality as in the description, and 3) the qu alit y of the specimen. 
The distributional pattern of this species is unique, the two disjunct 
areas being s e parated by ove r 200 miles. The soil types, however, are 
very much alike, both calcareou s in nature. The southeastern counties 
of O k lahoma possess other restricted species; e . g ., L eavenworthia aurea 
Nutt. and Lesquerella angustifolia (Nutt.) Wats . (C ricife rae) . Rollin_s __ 
(1956, 1963) attributes the limited range of 1'· ~to the thin soil w ith 
unde rlying horizontal limestone strata-a glade condition. This spe cies, 
also bicentric in its distribution, has been collected in San Augustine 
County, Texas-within 50 mil es of the s outhern distribution of P. de cum-
bens . It is probable that the habitat dictates the distribution orL. aurea 
- ---
and P. decumbens in the same mann er . 
Hybridization between P. decumbens and P. purpureum in southea st-
ern Oklahoma has already-been dis cussed . -
D e scription 
Stems many, ar1s1ng f r om a prominent caudex, usually decumbent and 
apically ascending , occasionally ere ct, partially supported by adjacent 
vegetation, 2-5 dm long, g labr ous and smooth at base be c oming slightly 
pub e scent and striate above. Stipules 4 - 6 mm l ong , subulate, never 
thicke r than 0. 5 mm at base. Leaves fascicled w ith seldom more than 
2 trifoliat e leaves in axes of major l eave s. Leaflets 7- 9 , elliptical, 17-
25 mm long , 3. 0-4. 6 mm wide, rarely involute, the tip subulate; rachis 
extended beyond distal pair of leaflets 0. 5- 3. 5 mm. P e duncle short, 
oft en lacking, never over 3 cm long. Inflores cence a columnar, non'-
expanding spike, 14- 36 mm long , 13-1 6 mm w ide. Bracts long - acuminate, 
exceeding the calyx in bud and at anthesis; body 2.8 -3.5 mm long, neither 
strongly clasping nor sharply narrowing at base, lateral mar g in often 
scarious; entire bract glabrous save for a small triangular area of ap-
pressed cilia at widest part; body g radually tapering distally to a narrowly 
lanceolate acumen, 4-17 mm long , often reflexing abaxially. Calyx tubu-
lar, deltoid in cross- section w ith a rounded base; tube generally glabrous 
except for two bands of appress ed cilia along lateral margins which tra-
vers e the entire length of the calyx and general appressed pubes c ence 
between the bands on the pr oximal 1/ 3 of the tube; tube 3. 6 - 4 . 3 mm long, 
2. 2-2. 6 mm in diameter; lobes pubescent, incurved, valvate in bud, 
barely opening at anthesis, ventral lobe 2. 0- 2. 1 mm long . Corolla blue 
to blue-purple; standard blade oval-deltoid, strongly concave, not basally 
lobed, 2. 3-2. 7 mm wide at base, 2. 4-3. 0 mm long, the claw 5-6 mm 
long ; apical petals oblong, often slightly lobed at the base, 3 . 5 - 4. 0 mm 
long, 1. 2-1. 5 mm wide, the claw 1. 0-1. 4 mm. Stamina! tube not ex-
serted beyond the calyx lobes; filaments tinge d blue-purple, exceeding 
petals; anthers orange, the dehiscence line bright red. Ovary glabrous, 
1. 5-1. 7 mm long, 0. 9 - 1. 1 mm in diameter; style usually glabrous, 
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occasionally slightly ciliate, roseate at tip, exserted slightly beyond 
anthers soon after anthesis. Pod developing by enlargement of the 
ventral-distal portions of the ovary, the style base persisting as a beak 
on the legume. 
Distribution and phenology 
Distribution bicentric. Northern populations found in counties of 
southeastern Oklahoma and adjacent counties in northeastern Texas. 
Southern population center is in southeastern Texas. Restricted to cal-
careous soils with_ underlying horizontal limestone strata-glade condi-
tions. Flowering from mid-April to early June, reaching a maximum in 
early May. 
27. PETALOSTEMON PURPUREUM (Vent.) Rydb. (Map 15, Fig. l le) 
Petalostemon purpureum (Vent.) Rydb. Mem. N. Y. Bot. Gard. 1:238. 
(1900). Based on Dalea purpurea Vent. 
Dalea purpurea Vent.~c. Pl. Cels. pl. 40. (1800). Type in G. (1)(2). 
Dalea violacea Michx. ex Willd. Sp. Pl. III 1337. ( 1802). Original 
material in B. (1) (2). 
Petalostemon violaceum Michx. Fl. Bar. Am. ~:50. (1803). Original 
material in P. (1) (2). 
Psoralea purpurea Pair. in Lam. Encycl. Meth. 5:694. (1804). Based 
on Dalea purpurea Vent. -
Petalosternon violaceum var. pubescens Gray. (Quoad material in 
part non citation) Smith. Contr. Knowledge ~:46. (1852). Based 
on Petalostemon virgatum Scheele . 
Kuhnistera purpurea (Vent. ) MacMillan. Metas. Minn. Vall. 329. 
( 189 2). Based on Dalea purpurea Vent. 
Petalostemon molle Rydb. Mem. N. Y . Bot. Gard . .!._:238. (1900). 
Original material at NY. ( 1) ( 2). 
Petalostemon pubescens A. Nels. Bot. Gaz. 31:395-396. (1901). 
Holotype in RM. (1) (2). Not P. pubescens(Gray) Heller (1901) 
which is P. pulcherrimum. -
Petalostemon purpureus mollis (Rydb.) A. Nels. New Man. Bot. Cent. 
Rocky Mts. Coulter and Nels. 299. ( 19 09). Based on Petalostemon 
mollis Rydb. 
PetalOStemum purpureum £. arenarium Gates. Torreya 2:125-128. 
(1911). Holotype at F . (1) (2 ) . 
Petalostemon standleyanus Rydb . Fl. N . Am. 24:131. (1919-1920). 
TypeinUS. (1)(2). 
Petalostemum purpureum £. pubescens (Gray) Fassett. (Quoad con-
cept non basionym) Rhodora 38:96. (1936). Based in part on!'· 
violaceum var. pubescens Gray. 
Petalostemum purpureum f . albiflorum Horr . and McGreg. Trans. 
Kan. Acad. Sci. 55:175. (1952) . Holotype at KANU. (1) (2). 
Petalostemon purpu~um pubescens (A. Nels.) Harr. Manual Pl. 
Colorado 319. (1954) . Based on P. pubescens A. Nels. 
Petalostemon purpureum var. pubescens (Gray) Boiv. (Quoad concept 
non basionym) Nat. Canad. 87:43. (1960) . Based on P. violaceum 
var . pubescens Gray. 
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Map 15. Geographic distribution of Petalostemon purpureum. 
Nomenclature 
Petalostemon purpureum was observed and collected by Michaux in 
Illinois and introduced into Europe in 179 4. Verification of this date is 
given by Ventenat (lac. cit. ) and by a label affixed to one sheet of Willde-
now' s original material at B: " ab Ann. 1794. 11 The Ventenat name ap-
peared in, Description das plantes nouvelles et peu connues, cultivees 
dans le jardin de S. M. C e ls, and h e made good use of the unusual oppor-
tunity ot studying an American plant g rowing in European soil. His de-
scription and accompanying drawing are superior. His collection is 
currently housed in the Herbarium Delessert, Conservatoire et Jardin 
Botaniques, Geneva. In the collection are two specimens, the clearly 
marked 11 Dalea N. Sp. purpurea Hort. Cels, 11 the other, " Dalea purpurea 
Vent. H. C. -violacea W. Petalostemon violaceum Michx."ltake the 
former to be the typus. 
The Willdenow collection at Berlin- Dahlem possesses three sheets 
referable to Willdenow' s Dalea violacea that appeared in Volume III of 
Species Plantarum, the name attributed to Michaux. Michaux' original 
material is in Paris. Dr. A. Lourteig kindly sent me two specimens 
representative of the material in the Herbarium Richard. They are both 
of one species but differ in degree of pubescence, a common variation 
seen throughout the range of P. purpureum. 
The problems involved in t)rpification of Petalostemon violaceum var. 
pubescens Gray has been discussed under P. pulcherrimum. In summary, 
Gray's variety is P. pulcherrimum as to citation, but his material in-
cluded both P. puryureum (Fendler No. 137) and P. pulcherrimum 
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(Lindheimer N o. 42). Both P. purpureum f. pubescens (Gray) Fassett 
and~· purpureum var. pub~scens (Gray) Boiv. are based on the Fendler 
specimen. 
Petalostemon mollis Rydb. is based on four collections. I have seen 
duplicates of Canby, Snowy Mts., 1882 from Montana at NY. The speci-
mens are very pubescent plants, practically lacking a peduncle, possess-
ing leaflets only slightly involute making them seem quite wide in com-
parison to other members of the species. In addition, the apical petals 
are uncommonly wide and represent the measurements in parentheses in 
the descriptions of these s t ructures. A similar phenotype also occurs 
in southeastern Colorado but possesses a prostrate-assurgent habit, and 
has received the name P. pubescens A. Nels. The holotype for the Nel-
son name is at RM and an isotype at MO. Both of these forms of P. pur-
pureum are apparently rare. I have seen only six sheets including the 
types which fit the description of P. pubescens and only the two sheets 
referrable to the Rydberg " species. " 
Rydberg in his portion of Flora of North America (loc. cit.) created 
P. standleyanus for the moderately pubescent purple species found in 
New Mexico. I have studied the holotype, and found it falls within my 
delimitation of P. purpureum. It most closely resembles the more 
pubescent forms found in Colorado and Wyoming, particularly regarding 
petal size and calyx length. 
Description 
Root black with multiple stems arising from a prominent caudex. 
Stems usually erect, 2-8 dm tall, + pubescent, generally branching near 
the top, striate with three prominent vertical ribs immediately below 
each leaf. Stipules subulate, glabrous, reaching a maximum of 8 mm, 
drying dark, often fugacious. Leaves prominently fascicled, each leaf 
bearing at least two trifoliate leaves in its axil and often an entire com-
pressed branch system; modes usually close together giving the plant a 
dense, leafy appearance. Leaf rachis extending to 3 cm bearing 3- 5 (7) 
linear, strongly involute leaflets, 6- 20 mm long and 0. 8- 2. 0 mm wide; 
the proximal pair inserted in the distal 1/ 3 of the rachis; petiolules usu-
ally ciliate even in otherwise glabrous material; lower surface, when 
dried, dotted with small, dark glands and often pubescent, the upper sur-
face nonglandular and glabrous. Peduncle short , usually less than 1/4 
the entire height of stem, usually more pubescent above than below. In-
florescence a compressed, nonexpanding, columnar spike, usually at 
least three times as long as wide, 30 - 70 mm long, 10-15 mm in diameter. 
Bracts persistent and precocious, exceeding the calyx in but but usually 
shorter than the lobes at anthesis; acumen dark, subulate, often pubes-
cent; bract body expanded distally and covered with a characteristic trans-
verse band of appressed cilia, glabrous and c ontracted proximally, tightly 
clasping the calyx base, the calyx+ tubular, 2. 5-4. 0 mm long, not con-
spicuously ribbed, usually entirely-covered with appressed, silvery 
pubescence; the three lower lobes often incurved toward the calyx axis, 
the ventro-lateral pair often overlapping the dorso-lateral lobes; the 
ventral lobe 1- 2 mm long, all lobes green tipped, somet imes becoming 
bald but the margin always ciliate . Corolla varying from pale purple to 
a deep red-purple, standard globose and concave, often with prominent 
auricles flanking the claw, the blade 1. 4-2. 4 mm in diameter, the claw 
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3. 4-4. 0 mm; apical petals spreading at anthesis, the blades oblong, 2. 5-
3. 0 mm long, 0. 8-1. 0 ( 1. 5) mm wide. Staminal tube equaling or exceed-
ing the calyx lobes; filaments tinged purple with the anthers exserted 
beyond the petals; the pollen orange. Ovary spherical or slightly ellip-
tical, bearded on the distal-ventral half, the dorsal surface bald; style 
arising on the longitudinal axis of the ovary, bearded proximally and 
dorsally 1/ 3 to 1/ 2 its length, usually exserted beyond the anthers soon 
after anthesis. 
Distribution and phenology 
Throughout the short grass plains and prairies of southern Canada and 
the United States. North to south: from southern Alberta, Saskatchewan 
and Manitoba, to eastern New Mexico, central Oklahoma and Arkansas; 
scattered in isolated colonies in Louisiana, Mississippi and Alabama; in 
Texas along the Red River Valley and rarely into the Black Belt Prairie 
reg ion. East to west: from central Indiana to Montana, central Wyoming 
and central Colorado. 
Anthe sis: northwest, mid-June to early August; southwest, late May 
to late July; northeast, late May to mid-August; southeast, mid-May to 
early June. 
Observations 
Petalostemon purpureum is variable with respect to amount of pubes-
cence. Truly glabrous individuals are rare, but they are found through-
out the entire range of the species. Most specimens are pubescent at 
least on the petiolules and the lower surface of the leaflets. The g reatest 
number of extremely pubescent plants is found in the northwestern part 
of the range and Colorado to New Mexico. However, glabrate or com-
pletely glabrous specimens are not lacking in these areas. For example, 
A. Hayden, July 1929, Ft. Collins, foothills, is represented by two 
sheets (ISC 101400, 1017 35). One specimen is moderately pubescent, the 
other is glabrous. Close examination of both indicates, however, that in 
all other respects, the two entities are identical. Collections from Mon-
tana indicate that the specimens from higher elevations are generally low 
in stature but a wide range of pubescence is exhibited. Pubescence vari-
ations in the Canadian specimens parallel those found in the United States. 
Toward the west, there is a g reater proportion of pubescent forms, yet 
in the same areas where the " mollis " forms are found, there are g labrate 
ones. A collection from the extreme northwestern part of the range in 
Alberta is almost glabrous [ G. H. Turner, 17 (NY) J. 
Disposition of pubesc ent, broad-leaved variants-P. pubescens A. Nels. 
and P. mollis Rydb. -is difficult. From my herbarfU.m study of these 
taxa: they seem more deserving of some taxonomic rank than any other 
variation in the extensive P. purpureum complex. Harrington (lac. cit.) 
relegates P. pubescens A.-Nels. to the subspecific level and comments, 
"Intergrades with the typical form."-a comment presumably based on 
field experience. Lacking personal field experience in this region, I am 
adopting a conservative approach and considering the two as phenotypic 
extremes of an inherent polymorphism in this widespread species. The 
names are rele gated to synonymy. 
A cinereous or silvery-pubescent condition of the calyx and rachis is 
characteristic of P. purpureum. The rachis pubescence is usually 
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carried to slightly below the inflorescence. The calyx tube is always 
invested with appressed, to slightly spreading pubescence but " balding" 
of the lobes occurs spradically throughout the range. It is most common 
in specimens from Arkansas and Missouri, especially those collected in 
the vicinity of Kansas City, but it is also found as far north as Wisconsin. 
This variation accounts for the reports of the occurrence of P. pulcher-
rimum north of Texas and southern Oklahoma. My studies ~dicate that 
this is no evidence for introgression with any other species. Calyx 
pubescence variation does not seem of sufficient significance to justify 
nomenclatural recognition. 
The growth habit of certain southeastern specimens of P. purpureum 
is different from that in other parts of the range. Several collections 
from Arkansas, Louisiana and Alabama are decumbent or prostrate. 
With this is coupled the possession of extremely small leaves and small 
flower spikes. In all other respects (i . e., floral characters) these 
plants cannot be excluded from P. purpureum. They are generally 
limited to specific habitats, for-example, " glades" or chalky-marl soils. 
The holotype of P. purpureum £. areniarium Gates, a sand dwelling 
"ecotype " from Illinois possesses many of the same characteristics. 
Perhaps there has been phenotypic convergence between these widely 
separated populations since both grow in rather unusual environments 
for the species. 
The normal leaflet number for P. purpureum is 3-5. In the five leaf-
let form, the proximal pair of leaflets are invariably inserted on the dis-
tal one-third of the rachis. Specimens possessing seven leaflets are 
rare, but scattered throughout the range of the species from such widely 
disparate locations as Luc as Co. , Iowa; El Paso Co., Colorado; and 
Blaine Co., Oklahoma. Of the over 800 specimens of Petalostemon pur-
pureum I have examined, only ten had seven leaflets. 
Hybridization between P. pulcherrimum and P. decumbens and P. 
purpureum has been discussed previously. -
28. PETALOSTEMON TENUE (Coult.) Heller (Map 12, Fig. l lD) 
Petalostemon tenue (Coult. ) Heller . Bull. Torr. Bot. Club 26: 59 3. 
( 189 6). Based on Petalostemon violaceus var. tenuis Coult. 
Petalostemon violaceus var . tenuis Coult. Contr. U . S. Nat. Herb. 
1:34. (1890) . Type in US . (1) (2) . 
Kuhnistera tenuis (Coult. ) Heller. Bull. Torr. Bot. Club 23: 124-125. 
( 189 6). Based on Petalo stemon violaceus var. tenuis Coult. 
Petalostemon stanfieldii Small. Fl. S . E. U . S . 63l-:{1903). Type in 
NY. (1) (2). 
PetalostemongrothiiMacbr. Contr. Gray Herb . N.E. 49:49. (1917). 
Type in GH~2) . 
Dalea tenuis (Coult.) Shinners. Field and Lab . 17:84. (1949). Based 
--on Pclalo stemon violaceus var. tenuis Coult.-
Dalea stan.fieldii (Small) Shinners. Field and Lab. 17:84-85. (1949). 
in part . Based on Petalostemon stanfieldii Small.-
Dalea purpurea var. tenuis (Coult.) Shinners. Field and Lab. 21:165 . 
--( 1-9 5 3). Based on Fetalostemon violaceus var. tenuis Coult-:-
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Nomenclature and observations 
The primary unifying characteristics of this species are its distribu-
tion and habitat preference, and the possession of retrorse pubescence 
on the calyx tube. The latter character is unique in the genus. 
This taxon has been known as P. stanfieldii Small, but it must yield 
priority to the earlier P. tenue (Coult. ) Heller. Both types fall within 
the circumscription of this specie s as I understand it. The type speci-
men of P. violaceum var. t enuis Coult. is in US, No . 23346, Santa Anna, 
Coleman Co., Texas. G. ~alley, 18 89 . A photograph is also at NY. 
The Coulter interpretation is not without flaws (loc. cit.). Following a 
brief description he states: 
Santa Anna (Coleman county). Apparently the form referred to in 
Pl. Fendl. under No. 138. The species is an exceedingly variable 
one, but the above variety is so distinct that it seems to deserve 
a name and a description. 1 
I have seen Fendler No. 138 (MO), and it is clearly a P. tenui.folium with 
expanding spikes and spreading pubescence. 
In the transfer of Coulter' s variety to specie s level, Heller (loc. cit.) 
makes this pertinent comment: 
This is a very g ood species, quite distinct from the Petalostemon 
violaceus, which has been made a dumping g round of various red-
flowered species which are not at all related to it. This species 
is much more closely related to Reverchoni than to purpurea. 
With this I concur. 
In his description of P e talostemon stanfie ldii, Small does not name a 
type (loc. cit.), merely listing the distribution as, "On plains or prairies, 
Texas. " There is a specimen in the J. K. Small collection at NY labeled 
" Type," in what I take to be Small's handwriting . It was collected by S. 
W. Stanfield, Summer 1896 at San Marcos and vicinity. " Rydberg (lo~. 
cit.) apparently accepted this specimen as the type because he indicates, 
" Type locality: San Marcos, Texas. " 
The type collection of Petalostemon grothii is at GH. I have also 
studied an isotype from US, No. 7177 48. Although collected in fruit, it is 
without a doubt P. tenue as herein described. Mac Bride (loc. cit.) com-
ments on the persistence of the bracts (visible only in fruit) which is 
unique among purple species. The collecting site is within the range of 
P. tenue, also . 
- Shinners (loc. cit.) transferred both P. tenue and P. stanfieldii to 
Dalea. Under that name he included P. -puk'he"rrimID; (Heller) Heller 
and its synonymy. In 19 53 he removed P. pulcherrimum and renamed it 
Dalea helleri Shinners. In the same pai)er, passing almost unnoticed in 
the body of the paragraph, is a retraction of his acceptance of Dalea 
tenuis (Coult.) Shinners, relegating it to a variety of Dalea purpurea. He 
based the combination on the type specimen at US, which he saw. He 
states: 
Considerably resembling D. Helleri is D. purpurea Vent. var. 
tenuis (Coulter) Shinners, -comb. nov. :- .. , which has the calyx 
tube pubescent throughout with mo-re or less appressed hairs in-
stead of loose spreading ones as in var. purpurea. D. purpurea 
var. tenuis is known from Coleman and Taylor counties; . 
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P. tenue is limited in its distribution to the eastern Edwards Plateau, 
its escarpment and outliers. It passes ses many characteristics in com-
mon with P. arenicola, but differs sharply from that species in its dis-
tribution, habit preference and the unique characteristics of retrorse 
calyx pubescence. This can best be observed in a dried specimen be-
cause when fresh, the trichomes are silvery-transparent and difficult to 
see. It is particularly apparent at the base of the calyx. 
Two other species have ranges that overlap with that of P. tenue. 
They are P. pulcherrimum and P. purpureum. P . tenue can usually be 
differentiated visually on the basis of size, being-smaller than the other 
two species both in stature and spike size. It also has a habitat prefer-
ence decidedly different from that of~· pulcherrimum in that it is found 
in rocky limestone areas, whereas P. pulcherrimum is characteristic-
ally found in black calcareous soils in this region of Texas. 
Description 
Stems many, branching above, 2. 0- 5 . 5 dm tall, pale, moderately 
striate with three prominent vertical ribs below the nodes, usually glab-
rous but occasionally evenly glabrate; center stems erect, peripheral 
ones often almost parallel with the ground. Stipules setaceous, dark, to 
4. 5 mm in length. Leaves fascicled; nodes close, producing a leafy ap-
pearance; leaflets 3- 5 (7), the proximal pair inserted in the distal one-
third of the rachis, prominently gland- dotted below and often moderately 
ciliate. Peduncles long, 3-18 cm, from 1/5 to 1/2 total length of the 
stem, usually glabrous , rarely pubescent immediately below the spike. 
Inflorescence a compact nonexpanding spike, often conical in bud, be-
coming columnar in fruit, 12 - 44 mm long, 7-11 mm in diameter; rachis 
pubescent; bracts precocious but at anthesis equal to or shorter than the 
lobes, body 2. 4 mm long, the dark acumen 1 . 3-2 . 2 mm long, a slight 
pubescent band at broadest part of bract body (about in the middle of the 
whole bract), usually with a ridge of cilia along the back toward the 
rachis; from the transverse belt of cilia proximally, the margin of bract 
is fringed; base of bract neither clasping the calyx nor sharply tapered; 
entire bract persistent even after mature fruit falls from rachis. Calyx 
tube campanulate, 2.0-3 . 5 mm long and 2.0-2.9 mm in diameter, in-
vested with retrorse hairs, all pointed toward base of calyx; pubescence 
most strongly developed on the lateral ribs; lobes often bald but with 
ciliate margins; dorso-lat eral lobe s large, deltoid, arising from flat 
surfaces of the tube; ventro-lateral and ventral lobes lanceolate, arising 
from hemispherically curved surface of the tube; ventral lobe 1- 2 mm 
long; in bud, lobes incurved and valvate, scarcely opening at anthesis. 
Corolla purple; standard auricled, not emarginate at apex, 2. 1 mm long, 
2. 2 mm wide , broadly deltoid; apical petals 1. 1-1. 5 mm wide and 2. 3-
3. 6 mm long , a uricled at base, the claw 0 . 5 mm long. Stamens bright 
orange, extended as far as the petal tips. Ovary glabrous save for a few 
cilia distally and dorsally in some specimens, never bearded ventrally, 
1.1-1.9 mm long, 0. 6-1.0 mm in diameter, usually less than twice as 
long as high; style inserted on the longitudinal ovary axis, bearded dor-
sally for half its proximal length . Legume ventral surface developing 
more than dorsal so that in fruit the beak (remnant of style) is offset 
dorsally. 
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Distribution and phenology 
Limited to the eastern Edwards Plateau in Texas and adjacent areas 
to the east; north and south from Wise to Bexar county, east and west 
from Coryell to Irion county, Texas. Always found in rocky, limestone 
soil. Common along roadsides. Anthesis beginning in early May, reach-
ing a peak in early June, ceasing by early July. 
29. PETALOSTEMON ARENICOLA Wemple (Map 13, Figs. 8; 11 I; l 2D) 
Petalostemon arenicola Wemple sp . nov. 
P. tenuifolium authors pro pa rte 
~· purpureum authors pro parte 
D es cription 
Petalostemon arenicola Wemple , sp. nov . . Caules e basi (raro 
superne) ramosi glabri vel glabrati 2..:4 (5) dm alti striati. Stipulae 
subulatae fragiles usque 5 mm longae. Folia fasciculata; foliola 
3-5 (7) linearia arcte involuta. Pedunculi caules 1 / 5-1/ 2 aequahtes; 
spicae coriipactae non producentes 2-5 cm long ae 6-9 mm latae. 
Bracteae non amplexicaules nee basi constrictae, cum margine 
apicali ciliato et cum vitta pubescente prominente transversa in 
parte expap.sa; acumen atratum sub anthesi calycis lobis brevius. 
Calyce s tubus campanulatus 2. 0- 2. 9 mm longus, lo bi 1. 0-1. 5 mm 
longi cum pilis appressis raro demum glabrati. Corolla purpurea. 
Ovarii apex et venter barbati; stylus dor so barbatum per mediam 
proximam. 
Typus, ISC (Wemple 319 ) . 
Plants lacking a prominent caudex; tap root long, pale yellow, 2- 4 (5) 
dm tall, spreading, glabrous or glabrate, striate, prominently 3 -ribbed 
below nodes; branching from the base, seldom above. Stipules subulate, 
drying dark brown, fragile, t o 5 mm in length. Leaves fascicled, prim-
ary leaves bearing at least two axillary trifoliate leaves; leaflets 3-5 (7) 
all inserted in the distal 1/ 3 of the rachis, linear, strongly involute. 
P eduncles usually long, 1/ 5-1 / 2 the stem length, gla brous. Inflores-
cence a compact, nonexpanding spike 20- 50 mm long, 6-9 mm wide; 
bracts precocious, exceeding the calyx l obes in bud, shorter than lobes 
in flower; bract body 2. 2-2. 8 mm long at anthesis, not constricted 
toward base nor strongly clasping calyx; bearing an appressed, trans-
verse belt of cilia below the dark, brown- black base of the acumen, a 
ridge of pubesc ence often extending proximally down the back of the bract; 
distal edge of the bract fringed-ciliate, cilia often extending out into the 
acumen; acumen 0. 7 -1. 4 mm long, drying black- brown. C alyx campanu-
late, 2. 0-2. 9 mm long, 2. 1-2. 7 mm in diameter at mouth, L~c: aring ap-
pressed, anteriorly directed, evenly distributed pubescence; dorso-
lateral lobes deltoid and straight, the ventro-lateral and ventral lobes 
subulate and incurved; ventral lobe 1. 0-1. 5 mm long, villous -ciliate, 
seldom balding. Corolla purple, widely opened at anthesis; standard 
blade 2.2-2.8 mm across at widest point, 1.8-2.0 mm long, strongly 
auricled, claw 2. 2-2. 6 mm long; apical petals oblong, 2 . 4-3 . 2 mm long, 
1. 2-1. 6 mm wide, the claws 0. 7-1. 1 mm. Filaments usually exceeding 
petals in length, anthers yellow- orange; pollen a bright yellow . Ovary 
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bearded ventrally on distal half, more than twice as long as its diameter 
(1. 2-1. 5 mm long , 0. 5-0. 7 mm in diameter); style arising from above 
the longitudinal axis of ovary, bearded dorsally on the proximal end to 
half its length. 
Distribution and phenology 
Southwestern Nebraska, eastern Colorado, southwestern Kansas, the 
panhandles of Oklahoma and Texas and eastern New Mexico . Limited to 
deep sands of the Llano Estacada, on dunes, blowouts and riverbottoms. 
Flowering in early July in the northernmost part of the range, early June 
to early July for the southern part. Texas collections of flowers at 
anthesis have been made as early as May 1, and as late as August 31. 
Most collections, however, are as previously stated. The exceptions 
are probably caused by droughts or early rains typical of the unpredict-
able rainfall in north Texas. 
Discussion 
This new species is distinctive both in appearance and in habitat 
preference from the other purple species of Petalostemon growing in the 
south central United States. Throughout its range, which is almost pre-
cisely the geological delimitation of the Llano Estacada (Fenneman 1931), 
it is found only in the stream beds, which dissect this massive limestone 
plateau and stream-associated dunes and blowouts. My field studies 
indicate that it is never found on the caprock nor partially down canyon 
walls but only in the sand of the river bottoms . In the southern part of 
its range it is geographically sympatric with P. tenuifolium. Ecologi-
cally the two are quite isolated, however, because the latter species is 
restricted to the caprock, penetrating only part of the way down the 
valley walls. 
The overlapping distribution, and morphological similarity of P. 
arenicola and P. tenuifolium has resulted in previous confusion; however, 
the two are di~inguishable morphologically as well as ecologically. The 
typical P. tenuifolium pubescence pattern (the stem base and the apex of 
the ped~cle pubescent) is never found in P. arenicola. The apex of the 
peduncle is almost always glabrous in the-latter species. One of the 
easiest field recognition features differentiating the two species is that 
of rachis elongation . As the spike matures, following anthesis, in P. 
tenuifolium, it elongates, often becoming sinuous. That of P. areni~ola 
never elongates following anthesis . Accompanying spike elongation in P. 
tenuifolium is lass of the bracts, whereas , the bracts are retained in P. 
arenicola. The bracts of the latter species are never pubescent over 
their entire surface, nor are they as w ide as those of P. tenuifolium; 
additionally, they are ciliate along the distal margin. -The two species 
differ to sorr e deg ree in calyx pubescence. This feature is a difficult 
key characte :>. , but P. tenuifolium has a more spreading calyx pubescence 
while that of P. are-;_icola is more appressed. The ovary at anthesis is 
linear in ~- tenuifolium often being thr ee times as long as the diameter, 
while in P. arenicola it is usually about twice as long as the diameter. 
The styl; is axial in P. tenuifolium but decidedly above the longitudinal 
axis of the ovary in P. arenicola. 
Material of P. arenicola has also previously been r eferred to P. pur-
pureum. The two taxa are quite distinct even though their geographical 
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ranges slightly ove rlap. The simplest, yet perhaps the most e ffective, 
characteristic to separate the two species is spike width-the width of a 
spike a t anthesis or shortly thereafter, calyx lobe to calyx lobe. P. 
arenicola has spikes narrower than 10 mm and P. purpureum has spikes 
wider than 10 mm. It was this differentiation that Turner ( 19 59) utilized 
t o exclude P. purpureum from the panhandle of Texas . Concomitantly, 
he broadly de.fined~· tenuifolium to include~· arenicola. P. arenicola 
seldom exc eeds 3. 5 dm in stem length, whil e P . purpureum-is taller; in 
addition, the stems of the latter spe cies are u~ually branched above r e -
sulting in numerous spikes from each major stem, but branching is un-
common in P. arenic ola. P. purpureum possesses relatively short 
peduncles, ;;:nd P. areni c ola has longer peduncles, usually 1 / 4 the l ength 
of the stems. The peduncle apex is glabrous in P. arenic o la, while al-
most always pubescent in P. purpureum. Bract-pubes cenc e differs be-
t ween the two species in that the ciliation often extends rearward of the 
transverse appres sed belt in P. arenicola while the entire proximal area 
of the bra ct is glabrous in P. purpureum. In addition, the expanded, dis -
t al end of the~· arenic ola bract is ciliate g iving it a " fringed" appear-
ance . Lastly, the ovary in st e ad of being almost spher ical with the style 
extending from the center of the ovary as in P . purpureum, is elliptical 
in P. arenicola -at least twice as long as its-diameter w ith the style pro -
truding from the dorsal surface, not the center. 
Another species that could be confused with P. arenic ola is P. t enue . 
The two are separated in range by almost 100 miles but are similar in 
stature and gross appea rance . They are readily distinguished by calyx 
pubescence. On P. tenue the pubescence is always retrorse, that is, 
pointing rearward toward the axis of the rachis. In P. a renicola the 
pubescence is oriented in the typical manner, pointi~g away from the 
axis of the rachis. A further diff e rence is the g labrous or slightly ciliate 
ovary of P. t enue while in P. arenicola the ovary is bearded distal-
ventrally ~ --- -
The differentiated characteristics of~· arenicola and the other purple 
species discussed are summarized in Table 6. 
Greenhouse hybridization experiments indicate that P. arenicola and 
P. tenuifolium are freely compatible. In fact, in attempted crosses, 
~eed set was unusually high and the hybrids themselves while intermedi-
ate in all characteristics were fully fertile . Why do the two species not 
hybridize in nature? They are seldom separated by more than 1/ 2 mile, 
one on the valley floor, the other on the mesa, yet I have seen no hybrids 
in the field or sheets of any putative hybrids in the herbarium. It is pos-
sible that the pollinators of the two are different or that the pollinators 
are localized, either remaining in the valleys or on the mesas. Another 
possibility is that the hybrids, while growing vigorous ly in t e green-
house are less well adapted t o the available habitats than the parents in 
nature, and their survival is limited. 
'1
1
able 6. Character co:1rarisons bet ween I_. arenicola, ~· t eaui f ol iuM, I_. nurpureu."1 and I_. t e rtu~ 
Character 
Plant height 
Bran~ hing 
Vegetative 
J,ubescer.ce 
Peduncle length 
Sr·ike width 
Sr; ike 
elongation 
Bract 
r ubescence 
Calyx 
pubescence 
Ovary shape 
Ovary 
pubescence 
.F . a renicola 
<J . 5 dm 
below 
gl.abr ous-
i:;l a brnt e 
usua lly long 
< l cm 
none 
transverse belt 
+ba ck rib. Ant. 
ciliate frir.ge 
appressed 
antrorse 
uniforCT 
2 x long 
as high 
bearded 
£:.. t enuifol i um 
< 3. 5 dm 
bel ow 
dense below 
(.c above 
long 
< 1 cm 
n-.uch 
t.:.niform 
s preading 
antror se 
uniform 
3 x long 
as hig)l 
bearded 
t_ . 1·!.lr 1: urr--1t..: · 
> 3. 5 dm 
a r.; ove 
.;labr:_1 t ::: to 
1 utl e·dc (: L t 
sb..ort 
> 1 CJ:< 
:Jone 
transverse 
belt only 
a ppressed 
antrorse 
uniform 
1-1~ x l o.ng 
as h i gh 
bearded 
I_. t cn 11 e 
< 3. 5 J r.1 
bc l01.N 
'c:l<:i hr .: us-
·:l 2.iJ r :1t e 
long 
< 1 C i1 
no.ne 
transverse belt 
+ba ck rib. Ant. 
c i liate fringe 
a r pressed 
retrorse 
"balding" 
1-1 ~ x long 
as hi gh 
g labrous 
?;:l 
M 
<! 
H (/) 
H 
0 
z 
0 
1-:r:j 
1:J 
M 
f--:l 
~ 
[-< 
0 
(/) 
f--:l 
M 
~ 
z 
'° 
-.J 
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Figure 12. Representative species of Petalostemon (A-E). 
The caudex of a seedling of~· candidum (F). 
A. P. villosum. B. P. candidum. C. P. microphyllum. 
D. P. arenicola. E. P. obovatum. 
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EXCLUDED SPECIES 
Except as indicate d, all are annuals referable to Dalea. 
P etalostemon confusus Rydb. Fl. N . Am. 24:129 . {19 19 -1920 ) . Typ e 
inUS. {1 ){ 2) . 
P etalostemon emarg inatum T. and G. Fl. N . Am. _!_ : 311. {1838) . 
Isotype in US. {l ) {2) . 
P etalostemon evane.scens (Brandg .) Rose. in Rydb. Fl. N . Am. 
24:129-130. (1 9 19 -1 9 20). (2). 
Pet~lostemon exile Gray. Pl. Wright. ~: 4 1. (1853) . Type in GH;. 
isotype in US.-(1 ) (2 ) . 
Petalostemon obreniformis Rydb. Fl. N . Am. 24:130. {191 9 -1 92 0) . 
Type in US. ( 1) ( 2) . 
Petalostemon oreophilus Cory. Rhodora ~:561-562. (1 939) . Type in 
GH; cotype in US. {1)(2) . 
P etalostemon trip e talus Wils. Kew Bul. 19 58 :159 . (1958). Type in 
us. (1) (2 ) . 
P etalo stemon ame thystinus Schott. in Wein - Zeitsch. IV. (1830) 1216. 
ex Endl. in Linnaea VI. (1 8 31). Litt. 55. 
This species is perhaps a mislabeled specimen and is currently unde r 
investigation by Profess o r Rupert Barneby (pers. comm. 1966) . 
Petalostemon chiapens e Brandg . Univ. of Calif. Publ. Bot . 10: 408 . 
(1 9 24). Type in UC; isotype at US. {l) (2) . 
P etalostemon pilulosus Rydb. Fl. . Am. 24:128 . {1919-1920) . 
According to Kearney and Peebles { 19 60, p. 440): Petalostemon pilo sulus 
{sic) Rydb. was described from a specimen collected by Nealley {No. 237), 
probably in the Rincon Mountains, Pima County. The type appears to be 
a form of Dalea albiflora. 
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~
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and P e rc eptual Accura cy. 
~
Introgr e ssion of T e tra ploid 
G e rm Plasm in Hexaploid Oat 
Va rieti e s. 
~
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Pr e school a nd Prima ry Sca le of 
Inte lligenc e and the Hea r, See 
and Mark Test. 
~
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Educa tion 
BO~REUGENE 
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~
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F e rtili z er Production Func-
tions up to Fourth O rd e r from 
Experimenta l Data Appli e d to 
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Transportation Planning in New 
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~
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~
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Po Li ti ca L Scie nc e . 
DUFFY~~ 
A Fie Ld Extension of Fi e dl e r 1 s 
Conting e ncy Mod·~ L 
~
DUGAN, KATHLEEN 
Home Food Pr epara tion Prac-
tic e s of Girls Enrolled in Hom e 
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~~ 
GREUBEL, RAYMOND LE VERNE 
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in Unconfine d Stratified Aquife r. 
~
KIELTY, EVELYN MARIE 
C Lathing Consumption by Women 
in Low to Mode r a te Income 
F a mili e s. 
~
KING, DEAN MATTHEW 
Attitudes of 4-H Members Who 
H <ive Attende d a National 4-H 
Citizenship Shortcour se. 
Education 
KL~OLD J O SEPH 
Hills lope Evolution and Soil 
Formation in Northeastern Iowa. 
~
KLINGER, CHARLES RICHARD 
The Thermal Diffusivity of 
Platinum Above l000°C. 
~ 
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KNIGHTON, VIRGINIA SUE 
Housing R e Lated to P a tt e rns of 
Living in a Model Citie s Area. 
~~
KOELIKER, JAMES KENNETH 
Soil Percolation as a r e nova -
tion Mea ns for Liv e stock Lagoon 
Efflue nt. 
~~ 
KOHLMAN, AARONA MERLE 
The Dialect of Gra nd Ca yman. 
~ 
KOLP, JOHN GILMAN 
The Congress of Nime guen: 
Engla nd and the Fra nco-Dutch 
P eace of 1678. 
HistorL 
KOPEC.NANCY LEE 
Tis sue Lipids of Rats During 
R e a Lime ntation with Corn Oi l 
or Butter Oil-Containing Di e t s . 
Foods and Nutrition 
KR~JOSEPH 
A Compute r Program to D e sign 
Production Spe cifications for 
Int eg rate d Circuit Trans is tors. 
El e ctrical ~neerin$ 
KRErS,'C;EORG E ERNEs T 
LAZ O, EVARISTO 
Effec ts of Timing a nd Se quence 
of Plant Moistur e on Gra in 
Sorghum . 
~
LEE, M. JOAN OB ERG 
Mid we st T e ache r's P e rc eptions 
of Preparation for T e aching 
Home Economics in Sec ondary 
Schools . 
Home Econo:nics Educa tion 
LENIHAN,"-wrLLLAMSCoTT 
Ma rlow's H e ro and L ea nder s 
The m e and Form. 
~s~ 
LETTOW, BETH 
Professional Study N eeds Identi-
fi e d by Fore i gn Students of 
Hom e Economics at Iowa Stat e 
Unive rsity. 
Home Ecociomics Educa tion 
LIPFiNCOTT.WrLLl:AM"R,....,..'"" 
Us e of Iowa Algebra Aptitud ·~ 
T e st in Predicting Achievement 
in Ninth Grade Algeb r a in Sac 
County Pub Lie Schoo Ls. 
Education 
LISBON;R0B ER T 
H e dging by a C e ntral Iowa Us e and H e lpfulness of Occupa-
El evator tional Information to High School 
~ Couns e lors a nd Stude nts. 
KU, THOMAS WEN-FU Education 
A Study of Valence Isomeriza tion LIU~RET MIN 
via Semidione Radical Anoin. 
~ 
KUMAR, SURENDERA 
Effe ct of Channe L Straightening 
on the Movement of Flood Waves 
of Boyer River. 
~
LAI, YEOU-REN 
Thin Permalloy Film Magneto-
resistive Multiplier. 
~
LANDWIRT, GEORG KARG 
Quarterly Marketing Margin 
Equations for Pork, Beef a nd 
Lamb. 
Economics 
~
Exchangeabi Lity of Potassium 
in Marshall Soil. 
~~ 
LOEBACH, DAVID VICTOR 
Exodation of Calcium Sulfide. 
LOUIE, MARIA LAI SONG 
Pyrolysis of Benzyl: :e_-Tolyl-
diphenylacetate and Pyro lysis 
of N-B enzyL -N-M0:: thyltripheny-
Lacetamid e . 
~
LYNCH, ROBERT EARL 
Effe ct of D ecreasing Photophase 
and Temperature on Oxygen 
Consumption and Surviva L of the 
European Corn Bor er . 
-~ 
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MAC DONALD, NORA MONAHAN 
Standard Clothing Budg et for 
Ma le Heads of Low Income 
Families in a Midwe stern City . 
T extiles and ~ 
MADDEN~BEVERLY SCHLACK S 
R evis ed Diagnostic Te st of 
Social Sci e nc e Conc e pts Appli e d 
i n Home Manageme nt a nd 
Family Economics. 
~onment 
MAGGI, ALDO o'RE'ST'Es 
Application of Linea r Program-
ming to Planning Da iry Farms 
in the Area of Tarariras , 
11 Depa rtamento D e Co lonia 11 , 
Urug uay . 
A~icultura l Econo:nics 
MAGIL"L;'BARBARAANN 
Race Associated with Household 
Charac t e ristics in the Mode l 
City Area of Des Moines, Iowa. 
~~~ 
MARANGU, LEAH TIRINDI 
Role R e sponsibility P atterns of 
Family M emb e rs in Household 
Production. 
~~~ 
MARTINEZ, RICARDO 
Influence of Plant H e ight and 
Popula tion Levels on Yield. and 
Yield Components of Grain 
Sorghum Hybrids. ~ 
MAUSBACH, MAURICE JAMES 
Inorganic Phosphorus Fractions 
of Some Iowa Soil Profiles. 
~
MC GINNIS RU TH LUCILLE 
The Stotsky - Weinberg Sentence 
Completion Test: A Study of the 
P erformance of D elinquent Girls 
on a Work-Oriented Proj ective . 
~~~ 
MC KERLICK, NORMA JEAN 
Se lf In struction Materials in 
Home Ma nagement for Vocational 
S -:hools . 
Home Economics Education 
MCVEY~ARY'G.""'"'"~ 
Competencies in Carpentry 
N eeded by Iowa Farmers. 
~~
MEERDINK, LOIS JACOBSON 
Programed L e s son for a Unive r -
sity Cours e in Elementary 
Clothing. 
Textiles and C lothing 
ME~UK 
Effec t of Electrokinetic Phe no-
mena on L a boratory T es t 
Filtrations. 
~~~ 
M:SNKE, LA WREN CE FRANCIS 
Chara cte riza tion of a Balanced 
Stripline Disconinuity by a 
R e sonance Method. 
~
MEREDITH, NANCY LYNN 
Se lecte d B e havioral F ac tors 
R e lated to the P e rc e ption of 
Problems of Families by 
Extension Home Economists . 
Fam~nvironrnent 
MERIDETH,~NTHONY 
MAYHEW, DENNIS ED Low Level BOD D eterminations 
The Nature and B e havior of a by the Electrolysis Method. 
Virus Inhibitor Produc ed by Phys a - ~~~~ 
rum polyc e phalum Schw. MERRYMAN, NANCY ANN M. 
P lant P a tho logy. Social Int e raction of Nursery 
MC BURNEY, ROBERT SCOTT School Childr en. 
Drumming B e havior of Ruffed ~~
Grouse (Bonasa umbellus L.) MERRYMAN, WESLEY EDWIN 
in Iowa. ~ Flow-induc e d Forces on Poppe t-
MC DONALD, KAROLD L. typ e Valves . 
V a lue of the g e n e ral Aptitude ~
Te st B atte r y in Pre dicting 
Success in Ma npower D evelop-
ment a nd training Act Cours es . 
Educa tion 
~
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MICHALAK, ROBERT ALLEN 
H e Lminths of Shrews from C en -
tral and Northwes t Iowa. 
z~ 
MIEHE, GROVER C. 
Factors R e La te d to Occupations 
of Farm R e ared Male Gradua t es 
of the Montic e llo Community 
High Schoo L. 
~~~~ 
M(KES, LOU ANN S. 
Influenc e of 4-H Training on 
the D e v elopme nt of Food a nd 
Nutrition Concepts with S e Lected 
4-H Membe rs. 
Extension Educ ab.on 
~~
MILLER, EDWIN LA WREN CE 
Effect of L e v e L T e rra ::es on 
Soil Moistur e Distribution and 
Utilization by Corn . 
~~ 
MITCHELL, PAUL DOUGLAS 
Choline Chloride , a Cardio -
vascular and a R e spiratory 
Stimulant . 
V e~~):' 
MODELL, HAROLD IVAN 
Physiological R esponse to a 
Variable Wave form, Inte r-
mittent Positive Pres sure 
V e ntilator. 
~~~ 
MOOREHOUSE, DAVID FRANK 
The Iowa Bitumiqous Coa l 
Industry. 
~ 
MORAN, GARY WAYNE 
R e lationships between Farme r 
Orientations and Their Appraisal 
of State and National Far:n 
Ma gazines. 
T echnica l Journalism 
MO~W. 
A Comparative Study of Two 
Simulation Languages as Applie d 
to Inventory Analysis. 
~
MOSES, STELLA D. 
Child Rearing Attitudes of Two 
Groups of Par e nts. 
~~
MULQUEEN, JOHN 
Lea ching of a Surface Layer 0 £ 
S::>dium Chloride into Til e Drain s 
in a Sa nd Tank Mod e L. 
~~" 
MURTHA, MARLYN JEROME 
M easurem e nt o~ Turbulent 
Diffusion a t Short Obs e rva tion 
Time s Using Spin-E cho NMR. 
Chemical~ 
NAGEL:R0BERT EUGENE 
Pr e d a.tion on E gg s in Simula t e d 
N e sts and Tr ee Ca vity Abunrl.a nc e 
in Wood Duck N e sting Habita t. 
fu~ 
NA SI RI, SUFIAN K. 
Life History of Goldfis h , Ca r as -
sius auratus_ L., in Lake L a V e rne , 
Ames . 
~ 
NEWMAN, JULIA ANN 
Pilot S e lf-Instructional Audio-
Vis ua l Mate ria Ls in Hine man -
agement for Voca tional Schools. 
Home Eco:iomic s Educ<t t i on 
NING.JAME~NG~" 
Ki~e tic a nd Allost e ric Na tur e 
of Bovine Brain H e xokina se . 
Bioche mistrx:_ 
NYHAN.J'OHNWILLIAM 
An Ecological Study of N e matodes 
in Clarion-We bst e r Topos equ e nc e s 
~ 
OBLINGER, JAMES LESLIE 
Inhibitcfry Effects of Pseudom~s 
against Selected Salmone lla a nd 
othe r Bacteria I so lat e d from 
Pou ltry. 
Food Technology. 
OGEDENGBE, MAR TINS OLUSOLA 
Characterization of Activate d 
Carbon as a Filte r Mat e rial. 
~
OLTMANS, DENNIS LE ROY 
The Incorpora tion of 1 1 - 3H-O-
M e thylnorb e lladine into Amaryl-
lida ceae Alkaloids. 
~
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OMOLO, ELUID OGOLA 
G e n e tic Effe ct s of Popula tion 
Siz 13 in the R e produc tion of T w o 
H e t e roge n e ou s Ma i ze Popu la -
tion s . 
~¥_ 
0 1NEAL, ALAN L. 
Compete ncies in Cone r e t e Con -
struction N ee d e d b y Iowa 
F a rme rs . 
~ic
ONTHUAM, VERA 
A M e thod of B roadha n ding the 
Supe rdir e ctive H e Li ca l Di po Le 
Ante nna . 
~~ 
ONY EAGOCHA, ANTHONY C. 
Optica l D e t e r m ina tion of Com-
position, T winning , a nd Struc -
tura L Sta t e of the Adirondack 
Anorthosite P la gio c la se s. 
~~ 
OPPENHEIMER, EDWARD P. 
Nume rical Solution of the 
Transi e nt Curr e nts of the 
Tow ns e nd Di scharg e . 
~
OTCHERE, EMMANUEL OBIRI 
The Effect of Ag e on B load 
G lu c os e and Pla s m a Insulin 
in Milk-F e d C a lve s. 
Animal Sci e nc e 
PE~EMILLER 
Int e rr e lationship of Home Evi -
ronme nt a nd Industrial Employ -
m e nt: Education a nd Home mak-
er's Food-and-Nutrition Know-
le d ge and Attitudes . 
Home Economic s Education 
P A~
Combining Part a nd Whole 
L a cta tions to Estima t e Breed-
ing Va Lu e s of Da iry Cattle . 
Anima L Sci e n ce 
PEIREN~S WILLIAM 
Growth of Tila pia a ur ea 
(St e inda chne r) in Iow a Ponds. 
~ 
PEREZ-ZAPATA, HERMAN 
A D e sign to Evalua t e the Impa ct 
of a Commu n i c a tion Campaign 
Upon the Diffus ion of Agricul-
tural T e chn ology in Columbia. 
T e chnical Jou rna li sm 
PE~C3NALD"MILTON 
Lithofa c i e s of the St. Louis 
Lime s t one (Late V a Lme y e ran), 
Southe a s t e r n Iowa . 
~ 
PETRE, ALAN WA RD 
A na lys i s of Commitme nt a nd 
Risk: A n Enginee ring Mode ls 
Approach. 
~L,~~ 
PETTIGREW 1 J A MES EUGENE, JR. 
Blood Ca rbohyd r a t e L e ve ls in 
the N e onata l Pig . 
A nima L S c ience 
PO~WILLIAM 
Qua lita tiv e a nd Qua ntita tive 
A b s o lute Stabi lity of Systems. 
~~
POSKIE, THOMAS JOHN 
N e odymium - N e odymium Hydride 
Pha s e Syste m. 
~~ 
POTGIETER, LEON NORMAND. 
Immu nofluor e sc e nc e with Myco-
pla s ma hyorhinis and a Sterol-
r equiring Stra in of Myco-
pla sma gra nula rum. 
~
POTHOVEN, JOHN PHILIP 
Exp e rime ntal Eva luation to 
D e t e rmine the Effectiveness of 
Vide o-ta p e in T eaching Metals. 
~
POUNDS, RUSSELL GEORGE 
Some Econom i c Problems 
A ssocia t e d with Iowa's General 
Prope rty Tax. 
Economics 
'""'"""'~ 
PRATT, ROBERT LARRY 
Bioche mical Properties of 
Ente rococci from Plant and 
Animal Sourc e s. 
~
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PROMNITZ, LAWRENCE C. 
Optimum R e place ment Po licy 
for Multiple Obj e ctiv e For e st 
Inve ntory. 
Forestry 
QUI~EME ROSS 
Co.:nbine Harve sters for Soy-
b ean Res ea rch. 
~~~1!:.& 
RAAB, FREDERICK HERBERT 
Binary Date Compr ess ion 
Using Charac t e ristic V ec tors. 
~~~ 
RAJTORA, STANLEY GENE 
S:J.bsonic F Lo w About Bod i es 
of R evolution. 
~~~ 
RAMANA THAN, P ALANIA PPAN 
Digita l Simulta tion of On -Line 
Dispa tche r• s Load -F Low for 
Evalua tion of Continge ncy 
Effec ts. 
~e.$!~.& 
REED, GARY LEE 
Influence of R es istant Corn 
Leaf Tissu e on Bio logy of the 
European Corn Bor e r, 
Ostrinia nubilalis (Hilbne r). 
~
RESNICK, EDWARD WALTER 
The D e termination of Iron in 
P e r chloric Acid M e dia Using 
Rotating Disk a nd Ring Disk 
Electrodes. 
~
REYNOLDS, JOHN DAVID 
Coa Lport and Its R e Lationship 
to the Ear Ly Historic Pott e ry 
Industry in the Des Moines 
Rive r Valley. 
~ 
RICHARDS, MARY SEITZ 
Obs ervations on Respons es o f 
Prairie V egetation to an A pri l 
Fire in Centra L Iowa. 
~
RIGGINS, RHONDA LEE 
The Annual Cleistogamous 
Spe cies of Sporobolus. 
~
ROMBERG, WAYNE DENNIS 
Impurities in MgO by Instru-
m e nta L N e utron Activation 
Anal y sis. 
Nuc l ea~inee rin~ 
RON'E.'I)ENNISALLEN 
Obs e rvations on the Sle nder 
S eed-corn B ee tl e , Clivina 
impr e ssifrons, in Iowa. 
~'2.,.,_~~ 
R OSENFELD, SHIRLEY ROSS 
A Flexib Le Vigne tt e Syste m for 
Retail Furnitur e Stores. 
~ 
RUEHR, EVELYN M. 
Recommended Home maker / 
Hom e H ea Lth Aide Competenci e s: 
Food Production a nd Child Care. 
Hom e Economics Education 
RU~
Ascocarp D e v e Lopm e nt in 
La s ·~ospharia ovina (P e ru, ex 
Fries ) C e sati a nd D e Notaris. 
Biochemist~~cs 
RU~WALTERJOHN ---.r. 
Cultivation Effects on So ybeans 
Glycine max (L.) M e rrill. 
~
RYAN, MICHAEL JOSEPH 
Nitrates in Forage Gras ses as 
Affected by Time and L e v e l of 
Nitrog e n Application. 
~
SALADA, PA TRICIA ANN 
Qua Lity of Fro ze n Pr e cooked 
Turke y Roasts and Gravy 
Stor e d a t o°F. 
~~~ 
SALAMON, NICHOLAS JOHN 
O scillating Flow Through a 
Mild Constriction in a Ci rcular 
Tub e . 
~~ 
SALEHI, MERRY WEST 
Interference in M emory 
Or ganizations. 
~
SAY RE, JAMES LE ROY 
A R eading of Chauce rs 11 The 
Boak of the Duche s s 11 
~ 
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SCHIERHOLZ, PAUL MILTON 
Theoretical and Computation a L 
Studies of Absorption by 
M.i.croscopic Granules 
~~
SCHRODER, ANGELA JEAN 
How the High School Counselor 
Spends His Time as Revealed 
Through Direct Obs e rvation, 
Story County, Iowa, 1969. 
Education 
scHROI3ER, DARRELL CHARLES 
Development of Leader Channels 
In Nonuniform Fie Lds. 
~
SCHULTZ, JAMES EDWARD 
Transient Ana Ly sis of Streamer 
Formatio'.1. 
~~ 
SCHULTZ, PATRICIA LOUISE 
Under - and Over-Achievement 
as Predicted by the Personalty 
Assessment System. 
~~ 
SEIFERT, BERTHA ELIZABETH 
Pattern Alteration Based 0'.1 
Brassiere Cup-Size. 
~
SEIFERT, MA.RIA CATHERINA 
A Pre Liminary Study of Reti-
culocyte Ribosomal Proteins. 
~ 
SHAH, RASKLAL MANILAL 
The Growth and Attenuation 
of Impulse Streamer Branching. 
~
SHIMADA- MIY ASKA, ARMA.NDO 
Hepatic Porta L and Anterior 
Vena Cava Free Plasma Amino 
Acid Patterns in a Baby Pig. 
Anima L Science 
SHOE~N PHILIP 
Application of General Linear 
Mode L to Specific Tests and 
Estimates. 
Statistics 
SIM~AN HARRIS 
On-The -Job-Performance 
Following an Experimental 
Training Program for Food 
Service Personnel. 
Institution Ma~ageme~ 
SING ER, ROB ER T HENRY 
Acute Ammonium Salt Poiso:iing 
in She e p. 
Vet~ 
SKRDLA, BETTY HEANNE 
Needs and Interests of Foreign 
Student Families in the Iowa 
State University Community. 
Home Economics Education 
SL~
Interre La tionships Among S2vera l 
Stalk Chara cteristics in Maize 
and Th eir Significance in Re sis -
tance to Natural Stalk Breakage. 
~~ 
SLOAN, DONNA L. 
A Programmed Instruction Unit 
for a College Course in Elemen-
tary Textiles. 
~
SMITH, JOAN ELIZABETH 
Magnetic Susceptibility of 
Cesium Nickel Chloride. 
~E:x 
SMITH, OMAGENE PARKMAN 
Factors Related to the Dwadling 
Behavior at Meals of Preschool 
Children. 
~
SMOLKA, GEORGE EDWARD 
Pr e paratiot1 of Partially 
Methylated Amyloses and the 
Study of Their Hydrolysis 
Products Produced by the Action 
of Porcine Pancreatic Amylase. 
~~ 
SOLBERG, KJELL AGNAR 
A Study of Factors Influencing 
Trip Generation in Selected 
Cities in Iowa. 
~
STAHLHUT, DAVID PAUL 
Liquid Metal Convection in 
Sma LL Capillaries. 
~
STATLER, LARRY L. 
Manpower Needs in Selected 
Agricultural Occupations in Iowa 
Community College Merged 
Area X. 
~
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STORY, JON ALAN 
Grade d Effects of Thyroxine 
and Exe rcise on Cardiac Gly-
cog e n in Rats. 
~ 
STOTTMANN, WALTER 
A Study of the Hydro Logic 
Chara cte ristics of Paint Cr eek 
Wat e rshed, Allama k ee County, 
Iowa. 
~
S TURTZ , SUE ANN 
Factors Associated with Cur-
ricula r Chang e s by Wome n 
Stude nts. 
~icholo&J: 
SUTABUTRA, SATRI 
The Nationa L P lanning a nd the 
Economy of Thia Land. 
Economics 
TA~ND RICHARD 
The R e lationship of Demogra -
phic Variables to Non-Fatal 
Motorcycle Accidents, Iowa 
1962-1966. 
Educa tion 
TU~DWYLA JUSTINE 
Thermal Analogy for the Dif-
fusion of Neutrons in a two 
Core Reactor. 
~~~ 
TAYLOR, LARRY CALVIN 
Sc e nic Easements A long the 
Uppe r Iowa River. 
~ 
THOMAS, ADRIENNE C. 
The Cattle men and the Pas sage 
of the Tay lor Grazing Act in 
19 34. 
~ 
THO MAS, MARDITH BAENZIGER 
F a llout Protection Factors for 
R e ctangular Buildings. 
~
THOMAS, NORMAN EARL 
Se paration of the H eavier R a r e 
Earths by Fractiona l Solve nt 
Extraction. 
~
THOMPSON, FREDERICK N. 
A Study of the Insulin -Like 
Activity in the Pancr ea tic Juic e 
of the Sheep. 
~
THOMPSON, JAMES DOUGLAS 
F eeding B e havior of Div ing 
Duck s on K e okuk Pool, 
M i ssissippi Riv e r. 
~ 
THOMPSON, LYNDON THOMAS 
Patterns of R e tireme nt of Colle g e 
Professors a nd R e Late d Institu-
tional Policie s. 
Economics 
TH~AN ELIZABETH 
Se rological Studies with 
Mycopiasma ~oviae . 
THORVILSON, HARLAN GENE 
Pitfa LL Sampling a nd Ca r a bid 
Populations in R e strict e d Corn 
Plots Tr e ate d with Soil P e sti-
cide s. 
~ 
TIJERINA, ELIEZER GARZA 
The Compone nts of Chang e in the 
Va lue of Agricultural Produ ction 
M exico, 1940-50. 1950-60, 
1960-6 3 . 
~onomics 
TINDALL, LLOYDW~ 
R e lation of Class Size a nd 
D epartme nt Enrollme nt to 
Effe ctive n e ss of S e le c t e d Instruc-
tiona l M e dia in Vocati ona l Agri-
cultur e . 
~~ 
TREES, TIM P. 
Opportunities for Establishme nt 
of Young F a rmers in F a rming 
in the Ventura Community S:::hool 
Districts. 
~
TUCKER, MARY ELIZABETH 
Se le cted Socio-Economic Charac-
t e ristics r e lated to Housing 
Sa tisfactions of the Aged in the 
Mode l City Ar e a. 
~-3..~ 
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V ALLAND, MAGNUS 
R eplica Plating a nd Comput e r 
Ana lysis of Psych·r.ophilic 
B ac t e ria O'J. Aged B eef. 
~~~~ 
VANDERHOLM, DALE HENRY 
Field Tr eatment and Di s posal 
of Lives to ck Lago o:i Efflu e nt 
by S'Jil P ercolatio n . 
·water R e sour ces 
.,....,..,.,.__,....,._,.""....,.,.."""-"-"-" 
VAN LEIRSB U R G, DEAN ALAN 
Purifica tion of Ces ium by 
Liquid-Liquid Extrac tion. 
f~ 
VARGO, ALEXANDRA 
The Sound s and Associa t e d 
Behavior of E m poasca F a bae 
(Ha rris) Hom opte r a : C l ea d·~ L -
Lida e ). 
~ 
VAUGHT, RUSSELL SCOTT 
A s~ quentia L c Luste r Ana lV"'lS 
for Pros e . 
~
VINT, LARRY F. 
R e lationships Among P e rfor-
mance a nd Carcass Traits in 
Ram Lambs. 
~
VOLKMER, RICHARD M. 
Edward Livingston Youmans 
and the Popula r Sci e nc e Monthly 
A Study in Nine teenth-Century 
American Science -T echnology 
Journa lism. 
Journalism 
VO~WARD BYRON 
A Mdhod for Evaluating Root 
Growth in Aggrega t e d Soil. 
A~ronom.x 
WAGNER, ALBERT BLAINE 
The Role of Ethnicity in Rega rd 
to the Breakdown of Effective 
Congoles e Gove rnment in 1960. 
Political Science 
WA~OBERT 
The School Lunch Progra m: A 
Case Study in Policy. 
Political Science 
~
WAHAB, ABDUL H. 
R es piration Rat e s and Carbo-
hydrat e M e tabolism of Soybean 
Seed lings . 
~~~'l. 
WARNER, WENDY ANN 
P rope rti es of the AmylasP. from 
Halobac t e rium Halobium. 
Ba~& 
WEB EL, S TEP HEN KENT 
Synchronous and Asynchronous 
Transfer of F e rtilized Ova a nd 
B las tocysts in the Pig . 
Animal Science 
w EEK5,'°R0GERALAN 
The Pr ocess of Selec tion of 
District Judicial Nominating 
Com :nissione rs in Iowa . 
P o Li ti cal Scienc e 
_,..,_~~~ 
W E ISS, GERALD MARK 
Growth Compa rison of a Muscu-
lar and Fat Strain of Swine . 
Animal Science 
-"-'"',,.....,-.._,..,.,...._"-"~ 
WENGER, JOHN C. 
D e t e rmination of Diffusi. on 
Coeffi cient s in a Liquid In-Sn 
Syste m. 
~
WEST, JANET LEIGH 
Huma n R es our ces of Wome n in 
Vo luntary Community Activities. 
~~~~~ 
WHITMOYER, ROBERT ELWOOD 
O nto ge ny, Hi stochemis try and 
Fine Struc tur e of P s y c hotria 
L eaf Nodules . 
~ 
WILLIAMS, DENNIS DWAYNE 
Carylphyllae id C estode s from 
Four Species of Ca rpi ode s 
(T e le oste i: Catos tomidae ). 
~ 
WILLIAMS, DOUGLAS WAYNE 
D e sign Conside rations for a 
Hori z ontal F Luidized Dryer. 
~
WILLIS, CARL LESLEY 
Toxic Constitue nts of the Sting-
ing N e ttl e. 
~
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WILSON, JAMES HENRY 
E ffec t s of Pre scribe d Burning 
on Su rviva l of C e rta i n Woody 
P lants. 
~ 
WONIO, MICHAEL LEE 
An Ecome tric Study of Wooi-
lot Colle mbolan Commu niti es . 
~ 
WU, WUN-SAN 
Nume rica L Int e gra tion of Sta t e 
E qua tions with Sma ll time 
Con s tants. 
~~ 
YORK, DAVID ROSS 
The Relationship of Biogra phica l 
Inve ntory R e spon se s to Ma n-
ag e rial Succ e ss. 
Industria L R e La tions 
YO~ERSON 
The Effe cts of Cracking a nd 
Fatigue on Reinforc e d Con-
Crete Bridg e D e ck Dura bility. 
~
ZERWEKH, JOAN K. 
The M eas11r ement of Attitude 
Cha n ge i n a n Introdu c tory 
Educa tion Cours e . 
Education 
ZI~EY GEORGE 
The Che mistry of Sulfur 
Dich loride Additions to Alkyne s 
and Stilb e n e s. 
~ 
ZIMMERMAN, RICHARD ELMER 
M emory Eva lua tion Syste ms . 
ZYDUCK, THOMAS HERBERT 
N u m e rica l Solution of Linear 
Sy ste ms Conta ining Wide Ly 
S epara ted Eigenv a lues. 
~
122 
DEGREE DOCTOR OF PHILOSOPHY 
1969 - 1970 
ABOU-SEADA, MOHAMED SAID 
Digita L Computer Ca Leu La ti on of 
Corona Thre sho Lds in No,nuni-
form Fi.e Lds. 
~~~ 
ADOLPHSON, MARVIN LEE 
Step Formation Constants of 
Some Ma. Lona to Lanthanide 
Che Late Species. 
~~ 
AL-NEKEEB, SHAHEEN MUSTAFA 
Dev e Lopment and Eva Lua ti on of 
a Thoracic Percutane ous Lead 
System. 
Ve~x_ 
AHMED, MAQSUD NMN 
Sporulation and Germination 
of Spor es of Clostridium ~ -
fringens. 
~~ 
ANDERSON, RICHARD LENNART 
T empe ratur e Acclimation in 
Tribo lium confusum and M 11sca 
domestica: Rat e of Acclima-
-----
tion M easured a t Locomotory, 
Metabo Lie and Enzyme L e ve Ls. 
~ 
ARENDTS, JAMES GRANT 
Load Distribution in Simply 
Supported Concrete Box 
Girde r Highway Bridges. 
~
ARORA, KRISHAN KUMAR 
Environmenta L Corr e Lations 
Between Paterna l Half-Sibs 
for Milk and Milk-Fat Pro-
duction. 
Anima L Science 
AR~LAL 
Prediction of Filter Cake 
Resistance. 
~
ASMUSSEN, KEITH EUGENE 
Detection of Sodium Boiling 
in Fast Sodium -cooled Reac-
tors by Nutron Measurements. 
~
BALDOCK, JAMES DAVID 
Heat Resistanc e of Rough and 
Smooth V a riants of Bacillus 
stearothe rmophilus. 
~~ 
BALIGA, JANARDHANA B . 
Crystal Nuc lea ti on and Growth 
Kinetics in B a tch Evaporative 
Crysta Lli zation. 
f~ 
BARBER, LOREN LEWIS 
Photochemica L Studies of a 13 
Unsatura ted Ketone s at Low 
Tempera tures. 
~ 
BARTHEL, CURT H. 
The Histologic and Biochemica~ 
Characte rization of Normal and 
Mycopla sma hyorhinis Infected 
Swine Articular · Tissues and 
Synovia L F Luid. 
~
BARTLETT, MARY LOUISE S. 
U Ltraviolet Difference Spectro-
scopy Studies with Glycogen 
Phosphorylas e . 
~
BASSUENER, DAVID J. 
Change in Attitude Toward 
School of Selected Early Adoles-
cents. 
Education Administration 
BA~
Susceptibility of Chickens to the 
Nematodes, Syngemus trachea 
and S. merulae. 
~ 
BECHNER, JEFFREY PAUL 
Substituent Effect s of Fluorine 
on Chemical and Physical 
Properties in the Naphthalene 
Se ries. 
~ 
BECKER, GEORGE WILLIAM 
Intrinsic Classified Withdrawal 
in Continuous Well Mixed Cry-
sta L Lization. 
~
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BECKNELL, DUANE ERNEST 
Instrume nta L Activa tion Ana Ly -
sis of Rar e Earth Mixtur e s. 
f~ 
BENDIXEN, JOE F. 
Experime ntal Evalua tion of the 
Effe ctive n e ss of Proj e cte d 
Transpar e ncies on Instruction 
in Vocationa L Agriculture. 
~ric~~~ 
BERTRAND, RICHARD DAVID 
NMR Studies of Phosphorus 
Compounds. 
~
BIRZE, ILGA 
Che La ting D e rivativ e s of 
Dimethyldihydroxyfluora ns. 
~ 
BLEECKER, WALTER MURRAY 
Hemog Lo bin Production in 
Chironomus teta ns. 
G e n e tics 
BL~HUR WILLIAM 
Pr e diction of Learning Ability 
Across Cultures. 
~~ 
BONNEY, CHARLES H. 
Effe ct of Pesticide s Upon the 
Cortical Potentia Ls Evoked by 
Variable Frequency of A u dio 
and Visual Stimuli. 
~
BORGER, HENRY JOHN 
Collective Negotiations as 
P e rceived by Iowa Board Mem-
b e rs and Superint e ndents. 
Educationa L Administration 
Bo~""" 
Optical Properties of Chromium-
Manganese Alloys. 
~ 
BRANSTAD, DENNIS KEITH 
A Compu te r Aided Instructiona L 
Syste m f o r T e aching For ma L 
Languages. 
~
BRASELTON, JAMES PEYTO N 
The U Ltra structur e of M e iotic 
Chromosomes of Lilium longi-
florum. 
~x 
BRINK, JAMES EDWIN 
InE?qµ a Liti e s Involving// f J/ p a nd 
If f~n; I/ q for f With n Ze ro. 
Ma.the matics 
BR~VIDLEE 
The Is o Le u cine - Va Line Bio syn-
the tic Pathwa y in Sta phyloccus 
aur e ns. 
~ 
BROTHERSON, JACK DE VON 
Sp e ci e s Composition, Distribu-
tion a nd Phyto s ocio Logy of 
Kalsow Prairie , a M e sic TaLL-
Gras s Prairi e in Io wa. 
~~~~!.R~ 
BURKE, MARY ELLEN 
Histidine Biosynthe tic Pathway 
in Staphylococcus aur e ns. 
~~ 
BURKE, MICHAEL JOHN 
Cross Structur e in Fibrils 
of Keratin and of Insulin. 
~
CAIRNS, WILLIAM LOUIS 
Pro:iucts of Riboflavin Photo-
degradation 
~
CAMPBELL, ARDEN RAY 
Inheritenc e of Crude Prote in 
and S e ed Traits in Int e r specific 
Oat Crosses. 
~
CARILLO, ALFONSO FAUSTO 
Estimation of Varia nc e After 
Preliminary T e sts of Signifi-
cance. 
Statistics 
~
CASSIDY, DELMAR R. 
The Hematology of Hog Cholera. 
CHANDRA, ARVINDA R. 
Research Norms of Home 
Economics Education Graduate 
Faculty. 
Home Economics Educ a tion 
CHA~"'"".....,..,....,..._,."'""~~ 
Isolation and Prope rti e s of Alpha-
Granules and Ribosom e s from a 
B Lue-Gr e en Alga , Nostoc Musco-
rum. 
~ 
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CHENG, CHI-KANG 
The rma L, Radiation and Me cha -
nical Analysis of Cylindrica l 
C xide Fuel Elements of Fast 
R ea ctor in Unst eady Stat e . 
Nuclear~ 
cLl\RK,'LE E JAY 
Hydration Chara cte ristics of 
Potassium-de pleted Micas. 
~ 
CLEVELAND, JOSEPH ROB ER T 
The Radio -Fre qu e ncy Size 
Effec t and the F e rmi Surfac e 
of Molybde num . 
~~ 
COLEY, RONALD FRANK 
S·,b s t itution R eactions of 
Dichloro (e thylene diamine ) 
platinum (II). 
f~ 
CONRAD, BRUCE RANDOLPH 
Studi e s of So Lid Compounds of 
Group IV and V Transition 
M e ta ls Formed a t Hi gh T em -
p e r a t ures . I. The Crysta L 
Structu r e s of Ti2S, Nb 211 Ss and 
Nb 2S e . II. The M e tal rich 
R egion of Zir c onium-sulfur 
System . 
~
CONWAY, ANDREW. GERARD 
An Ope rationa L Mode L of the 
R e La tionship B e tween Live -
weight Gain and Sto cking R a t e 
for Gra zing Cattle , with an 
Estimated Production Function 
for Stee rs, Unde r Irish Condi-
tion s . 
~~~ 
COURNOYER, BLANCHE MARIE 
Crown Rust Epitytology with 
Emphasis on the Quantity and 
P e riodicity of Sp or ::! Dis p er sa L 
from H e t e ro ge n e ou s Oa t Culti -
var-Rust Race Populations. 
!:'.~~ 
COX, ALLEN CLAYTON 
D e v e Lopment of S econda ry 
Bone in the Domes ti c Laying 
H e n. 
~~~ 
CRAIG, JAMES R. 
Se Lec tiv e A tt e ntion and Immedia t e 
Memory in Dichotic Liste ning. 
!:'.~BX 
CRAMER, WILLIAM DOUGLAS 
Enginee ring P a ramete rs of an 
Induced Draft Aerator with 
Foam R ecycle. 
f~ 
CREEL, ROGER B. 
Nuc Lea r Magne tic R e sonanc e in 
Transition M e tal Boride s. 
~~ 
CULLEN, PETER FRANCIS 
Appar e nt Mola l Volume s of 
some Dilute Aque ous Rar e Earth 
Sa lt Solutions a t 25° C. 
~
DABB, WILLIAM RAY 
Propos e d Guide Line s for Iowa 
School Building Construction. 
Educa tiona L Administration 
DANA;'PAULROBERT~ 
E Lu ti on Kine tics of the Copper 
Ammine Complex from a Cation 
Exchang e R esin. 
f~ 
DA VIS, MARVIN SPENCER 
The Eff e ct of the Variation of 
Visual Ma t er i a ls on Stude nt 
L earning via T elevision. 
Education 
DE"':B0ER,DARRELL WAYNE 
Flood Hydrology of Wate rsheds 
with D epressional Storage. 
~~z 
DE GRAFT-JOHNSON, KWEKU T. 
Some Contributions to the 
The ory of Two-phase Sampling. 
Statistics 
DEMrNci:ROMINE R. 
A Study of the As socia tion B e tween 
the Attrac tion of the Probation 
Offic e r - Cli e nt R elationship and 
V a rious Psycho- Social Sttitudes 
of Juve nil e Probatione rs. 
~ 
DENICH, LOUIS 
Studies of Adrenal S e cr e tion in 
Ground Squirr e L a nd Rat During 
Cold Str e ss. 
~~ 
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DEPUTY, REX RONALD 
Cost Analysis of Se le cte d High 
School Vocational Cours e s in 
R e la ti on to Acade mic Offe rings. 
Educational Administra tion 
DEV~
The Stability Constants of Some 
Ca rboxylate Comple x e s of the 
Trival e nt Lanthanon s . 
~
DHITAL, BHAARAT PRASAD 
Role of Agricultur e in Economic 
D e v e lopment in N e p a l. 
Economics 
me"'"~ GEORGE WILSON 
Applications of the Indu c tion 
Coupl e d Plasma on A nalytica l 
Sp e ctroscopy . 
~ 
DILLMAN, DONALD ANDREW 
A• _>. -:·i :ysis of Int e ror gani za~ona L 
R e Lations. 
§3__~JD' 
DOCKEL, JOHANNES ANDRIES 
The R e sponsiv e n e ss of the Io wa 
T a x Structure. 
Economics 
DOUGAL;M'ERWIN DEAN 
Physica L and Economic F a ctors 
Associated with the Establish-
m e nt of Stream Wate r Qua Lity 
Standards. 
~
DUKES, GLENN F. 
Radio - Television S e rvic e 
Training Needs of Iowa . 
Education 
ECHfERNACHT, GARY JAMES 
Evaluation of Innovations to 
Improve Teacher Competencies. 
Education 
EDJE,0.ToDo 
P ::i1s i0Logical and Bioche mica l 
Chang e s and Fi e ld P e rformance 
of D e t e riorated Soyb ean S eeds. 
l?~
EIAN; GILBERT LEE 
Photochemical Synthe sis of 
2, 3 -Dihydriondo Le s from 
N -Aryl Enamine s . 
~
EKE, BONIFA CE I. 
Structur e of Ins e p a rable Com-
posite s. 
Ma the m a tics. 
- - - - - - - -
EL LAKANY, FAROUK 
Factors R e Lat e d to Academic 
Achi ev e m e nt of For e ign Stude nts 
a t Iow a Sta t e Unive r s ity in 
1969 -70. 
Educa tion 
EL~Y, MOHAMED K. 
Digital Ana lysis of E xcitation 
Contra L for Inter -Conne cte d 
Powe r Syste ms. 
~,& 
EMPIG, LAURES T. 
Compa risons of M ean a n d 
V a ri e nc es Among B u lk Soyb e an 
Popula tions. 
~
EPLEY, ROGER RUFUS 
Effe ct of E xe rcis e a nd S ev e r a l 
Die tary F actor s on Pla sma 
Lipid and Athe ros cle rosis in 
Adult Co c k e r e Ls . 
~e 
FLANAGAN, GEORGE FERGUS 
Coupling Effec ts in F a s t R ea ctor s 
Using the Monte Carlo T e ch-
nique . 
~
FRYE, RICHARD DEAN 
Biology of the European Corn 
Bor e r in North Dakota. 
E~ 
FUNDERBURK, JAMES OTTO 
Polyme r Particle Si ze Distri-
bution in Continu ous Emulsion 
Polyme ri za tion. 
~~~ 
FUN,G, DANIEL YEE CHAK 
Rapid M e thods for D e t e r m ining 
Staphylococcal Toxins a nd 
Salmone lla Associa t e d with 
Poultry Products -. 
~
GENCK, WAYNE JOHN 
T e mpera tur e Effe cts of Growth 
and Nuc Lea tion R a t e s in Mixe d 
Suspe nsion Crystalli za tion. 
~
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GILCHRIST, RICHARD DANIEL 
Cat echo Lamine -thyroid Inter -
rela tionships in R a ts and Ground 
S ::1uirr e ls at Various T emp era-
tur es . 
~~~~¥_ 
GRAF, DOLORES IRMA 
Distribution P a tt e rn of Easte rn 
R e d-c eda r, Ju~e rus vi:i:.g_iniana . 
L~, in Iowa . 
~~~~~~~~ 
GRAHAM, ROBERT J. 
Kine tic Study of Niobium 
Oxych Lo ride Chlorination in a 
Flow R ea ctor by S equential 
S::ati s tica L D e sign. 
Che mica l E~~ 
GR~Ei::DON DEAN 
Pluma ge Studies of the Blue -
w inged T eal ~nas discors L. 
~~ 
GREEN, BRUCE H. 
Ro le P erception s of City Plan-
n e rs and The ir R elevant Oth e rs. 
~ 
GRIFFIN, RICHARD BRUCE 
The Effec t of S·:) Lut es from th e 
Sixth P e riod of the P e riodic 
Tab le on the M e Lting Point and 
the Allotropi c Transformation 
Temperatur e of Praseo::lymium. 
~~ 
GRIMES, JACK D. 
On D e t e rmining the R e Liab ility 
of P rote ctiv e R e Lay Syste ms. 
Electrica l ~neeri~ 
GROVER-;J"OON HARRIS 
F easibi Lity of Introducing 
Coldwater Fi s h into Lake 
Sli.arpe, s .:mth Da kota . 
ZoololD:: 
GUD'MUNDSON, BARBARA J. 
Phytopla nkton Fluctua tions in 
the D es Moine s Rive r, Iowa. 
f~ 
HALL, HARRY HALE 
Effici e ncy in Am e rica n Agri -
culture: An Application of 
Qua dratic Programming . 
~~
HALL, JAMES EDISON 
Photofission of u 2 38 and u235 
Using a Compton Sca tt e ring 
Monochroma tor. 
~~~~~,.,_ 
HANING, QUENTIN CHANTRY 
Carb on Diox ide Tra nsport in 
the B Lood of T e rrestrial and 
Aqua ti c Cra bs. 
~~~ 
HANNA , MAKRAM AZIZ 
T e tr a nychus ur ti cae Koch, 
(T e tranychidae ; Ac rina) and 
Empoasca faba~ H a rris 
(Ci cade Llidae ; Homopte r a ). 
~,12!.~ 
HANSON, THOR P A LMER 
Ste ady Stat e a nd Tra nsi e nt 
B ehavior of a Continuous F e r-
me ntor. 
Chemic a l En~nee rin~ 
HARKEN7"RUSSEL~ 
The Biosynthesis of Lycorenine , 
Narcic La sine and Dime thoxy 
Ana Log ue s of Ly co rine . 
£__~,ry 
HARRIS, HALLETT JACOB, JR. 
Som e Physiological Asp ects of 
Breeding Biology of Blue - w inged 
T eal . 
~~ 
HARRIS, WALLACE WAYNE 
A ccumula tion of Nitrat e Nitrog e n 
a nd Othe r Minera L Nutrients in 
S:.idangrass as A ffec t e d by 
Applie d Nitrog e n a n::l. Iron. 
f.~~~x 
HAUSTEIN, PETER EUGENE 
The R a dioac tiv e D eca y of 
l 90Re and I somer R a tio 
M·~a sur e ments in Photonuc Lea r 
Reactions. 
f ~~ 
HAYDEN, JAY GARY 
Charac t e ristics of Ele mentary 
School P u pils P e rceived a s 
Po ssible R e f e rra ls to an Ele-
mentary School Guida nc e 
Couns e lor. 
Edu ca tion 
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HEDRICK, GEORGE E. III 
Us e r Error Analysis and 
Automatic Corr ection for 
Compiling. 
~
HELLER, LAWRENCE G. 
A Moda L So Lu ti on of the 
Micro strip Transmission 
Line. 
~
HENSLER, CHARLES JOHN 
An Ultra violet Absorption 
and F Luorescence Study of 1, 
10-Phe nanthroline and R ela t ed 
Compounds in Aque ous Solu-
tion. 
~ 
HEYDENBURG, ARTHUR JACK 
Fine -Structure of White Oak 
Mycorrhiza e . 
~~ 
HODGE, CHARLES AR THUR 
B e nch Scale Production of 
Ammonium Potassium Poly-
phosphate. 
~
HOLLAND, GEORGE W. 
Long-Range Hyperfine Split-
ting in B icyc Lie Semidione s. 
~
HUA, LO-CHING 
Natural Frequencies of Vibra-
tion of a Triangular Inflatable 
Wing Model. 
~
HUDDLESTON, JAMES HERBERT 
Local Soil-Landscape Rela-
tionships in Eastern Pottawat-
tamie County, Iowa. 
~ 
ISEBRANDS, JUDSON GARY 
C e Llular Variation Within the 
Wood of Eastern Cottonwood. 
~
JALALI-MOSSALLAM, EBRAHIM 
Preliminary Design and 
F ea sibility Study of a Nuc Lear -
Powered Agro-Industrial Com-
plex in Iran. 
~
JAWORSKI, RICHARD LEE 
A Hybrid Computer M ethod for 
Two Dime nsional Calculations 
Involving the Laplacian Op e rator. 
~
JESPERSEN, RICHARD ALLEN 
Two and Thr ee Pion Production 
Without Annihilation in Anti-
proton-Proton Interactions of 
2.4 and 2.9. 
~ 
JOHNSON, CLARENCE EUGENE 
A Similitude Study of Soil 
Dynamic P arameters . 
~g
JOHNSON, GEORGE FRANKLIN 
A Phy s ical- Che mical Study of 
Pyridoxal Phosphate in Glycogen 
Phosphorylase. , 
~
JOHNSON, ROBERT LE ROY 
Tr e atme nt of Waste Wate rs by 
Pulsed Adsorption B eds . 
~
JOHNSON, WILLIAM BUHMANN 
Operator and Dual Operator 
Bases in Linear Topological 
Spaces. 
Mathematics 
JON~ERMYN 
The Kine tics of Late r al Growth. 
~
JOSHI, ASHA K. 
Sex -role Preferences in Pre-
School Childr en from Five Sub-
cultures of the United State s. 
~
KAO, ANTHONY MONSHIUN 
Tensile Steel R equir ements a t 
Inflection and Bar Cutoff 
Points in R e inforced Concre t e 
Beams. 
f~ 
KARIAN, HARUTUN GEORGE 
Tight-Binding Energy Bands of 
Perovskite -Type Transition 
Meta L Oxides . 
~
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KEHM, LY LE WI LLLAM 
Authority D e le ga t e d to Su p e rir::.-
t e nde nts a nd Supe rin t e nde nt 
Effe ctive n e ss in S e Le cted Io wa 
School Districts. 
Educationa l A dministra tion 
KE~
Modal Building for Predi c tion 
in R e gr e ssion A n a lys i s Bas e d 
on Rep eated Si gnifi c a nc e 
T e sts. 
Statistics 
KENT,'I5QUGLASCHARLES 
A Pre limina r y Hyd r o ge o lo g ic 
Inve stiga tion of the Uppe r 
Skunk Rive r B a sin . 
Wat e r R e sources 
KE~PH 
Cytopla s m E ffe ct s in R elation 
to Ma le St e rility a nd A g ronomic 
P e rforma nc e of Gra in Sorghums, 
Sorghum bi co Lor (L) Nis e nch. 
~
KLASI, MELVIN LEROY 
Applications a nd Exte nsions 
of the W e ighte d Inte gra l. 
Mathe m a tics 
KLEiN'MAN,ALAN PILLING 
The Production F u nction a nd 
the Imputa tion of the Economic 
Value of Irriga tion W a t e r. 
~
KLIT, JOHN ALLEN 
Experimenta L Evalua tion of 
Single -Conc e pt Films a s 
Instrume ntal Aids in T eaching 
Vocational Agriculture. 
~
KOHLS, JOHN WILLIAM 
Bargaining B e havior a nd Out-
c ome s. 
~ 
KRAELING, ROBERT RUSSELL 
Ovarian Function Afte r Auto-
transpla ntation of the Ade no-
hypophysis. 
Anima L Sci e nc e 
~
KUNDEL, CA ROLYN JOY 
Int e rr e lation s hip of Home Envi -
ronme nt a n d I ndu strial Employ-
ment: F ami ly Clothing , Socia l 
P a rticipa tion and P a r e nta l 
B e liefs a n d Goa l s . 
Home Econom ics Education 
KU~
A pplica tio n of S e Lec t e d Finite 
Diffe r e n ce T echni qu e s to the 
Solution o f Conica l F Low Pro -
bl e ms. 
~
LAM, KENN E TH MING-CHIH 
S e rolog i c a nd Immunologic 
Stud i es o n My c opla sma ~­
pne umoniae Pne umonia of Swine. 
~
LARSON, JON THORSTEN 
Gamma -ray D ecay Sche m e s for 
14zXe , 14ZC s , 14ZB a , a nd 142 L a . 
~
LARSON, KEITH D. 
The Signifi c a nc e of Ag e Distri-
butions of E xploi t e d White -
tail e d Deer Popula tions. 
Educa tion 
,,..,.,.,_,.._,.~""'"'"'"" 
LARSON, LOWELL VERNON 
Environmenta l F ac tor s and the 
Natura l Oc curr e nc e of Micro-
sporidia n-Infec t e d Mo s quito 
L a rvae . 
~
LATWESEN, GARY LEE 
A S e para tion S c h e m e for the 
Analysis of Multi c ompone nt 
Sa mple s. 
~
LEDET, A RLO E. 
Clinica l Tox i c o lo g ical a nd 
P a thologi cal Aspe cts of Arsanilic 
Acid Poisoning in Sw ine . 
~
LEECH, WILLIAM DALE 
We i ght Optimiza tion of R eactor 
Shie lding Using Transmission 
Matrix M e thods. 
~
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LEWIS, LESLIE COBB 
Effec t of Bacillus Thuringiensis 
and Perezia pyraustae on Oxy -
g e n Uptake by the European 
Corn Borer, Ostrinia nubilalis. 
~
LEYES, JOHN MICHAEL 
The Market for P ublic School 
T eache rs in Iowa : An Economic 
Ana lysis. 
Economics 
LIM~OM, PAIBOON 
Inve stigation of a n Auxiliary 
Discharge Thermionic Con-
v e rt e r Using Barium Oxide 
Electrodes. 
~
LINDEN, JAMES CARL 
Significance of Ma ltodex trins 
in Photosynthetic Tis sue. 
~
LLOYD, WILLIAM EUGENE 
Che mical and Metabolic 
Aspects of Urea -Ammonia 
Toxicosis in Cattle and Sheep. 
v~
LOKKEN, DONALD ARTHUR 
The Crystal Structures of 
Compounds Involving Metal-
Metal Bonding. I. Gdg 2 , Gdg 8 
Cl1z· II. Te4 (A 1Cl4 ) 2 • 
Chemistry 
LON~ILIP EUGENE 
Characteristics of Full - Time 
Students Enrolled in Area II 
and Area V Community Colleges . 
Education 
LOOFT,"WiLLIAM RUSSEL 
Egocentrism and Social Inter -
action in Young and Old Adults. 
~
LUCAS, JAMES EDWARD 
Pola rization R eversal in 
11 Ferrielectric 11 Bi smuth 
Titanate. 
~
LUND, MONTY MARVIN 
Variab Le -Volume Operations 
of a Stirred Tank Reactor. 
~
LUNDE, BARBARA KEGERREIS 
Nuclear Magnetic Resonance 
Hyperfine Fields in the Hexa-
gonal Laves Phase Compounds 
ScMn 2, ErMn 2, and TinMn2 • 
~s 
LYBECKER, DONALD WILLIAM 
Optimum Resource Us e in 
Irrigated Agri. cultur e: Comar ca 
Lagunera, Mexico. 
~
M.l\ASS, GEORGE JOSEPH 
Magnetism and Bonding in Po ta s -
sium Trichloro Cuprate (II). 
~ 
MAGAT, WELSONIA JAMLANG 
Metabolism of Cyc lopropane 
Fatty Acids by Ochromonas 
danica. 
~ 
MAHAN, RUSS ANDREW 
Childhood Dependency and 
Parental Acceptance of Care -
taking Roles. 
~
MAILLIE, FRANCIS HUGH 
Vibrational Relaxation of 
Anharmonic Oscillators with 
Vibration-Vibration and Vibra-
tion-Translational Energy 
Exchange. 
~
MARKS, MARTHA ANN 
A Student Directed, Computer 
Assisted, Programming 
Environment. 
~
MARTINSEN, WILLIAM EDWARD 
Selected Properties of Sodium 
Silicate Glasses and their 
Structural Significance. 
~
MCCOLLUM, Bill Crews 
The Synthesis and Some Physical 
Properties of Reduc e d Scandium 
Chloride, Bromide a nd Iodide 
Phases with Unusual Stoichio-
metries. 
~
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MAC DONALD, WILLIAM LLOYD 
Elec tron Microscopy of Elm 
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~
MC GAUGHEY, STEPHEN E. 
Inves tme nt Criteria for the 
Evalua tion and Planning of 
Pub Lie Inves tment in Wate r 
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Canine Cardiac D e n e rva tion: 
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Expansion of Coppe r, Silve r, 
Gold a nd Aluminum. 
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Differential Effects of Group 
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Academic Achievement. 
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ME~RALPH DENIS 
D e cay of 73m, gSe, 75m. g Ge. 
MELVIN, STEWART WAYNE 
Determination of Deep Per co -
Lation Losses in Lo e ssial Soils. 
~
MENAPACE, LAURENE MARY 
Activation Analyses With 
Therma L and Fission Neutrons. 
~
MENGELING, WILLIAM LLOYD 
P e rsistent Infec tions with Hog 
Cholera Virus. 
~
MEYER, DWAIN WILBER 
Use of Male-Sterility for 
Increasing Population Tolerance 
of Corn ( 7...ea mays L.) 
~
MEXES, ABEL G. 
Some Computational Aspects of 
Linear Classification Models. 
Statistics 
~
MIKESELL, JAMES JAY 
A Mod e l D e termining Optima l 
Paths for Individual Inv e stme nts 
in Education, with Application 
to Metal Workers. 
Economics 
Ml~ROBERT MICHAEL 
Surfac tant Effects on C el l P e r-
meability of B e ta vulgaris L. 
Root Tis sue . 
~~ 
MITCHELL, J A MES WINFIELD 
Synergid Solvent Extraction and 
The rma L Studi e s of F Luorinat e d 
B eta -Dike tone -Organophosphorus 
Adduct Complexes of Lanthanid •'! 
and R e Lated E Lements. 
~
MOCK, JAMES JOSEPH 
Manipulation of Crossing Over in 
Zea mays by Extrinsic Factors. 
~
MOHS, MICHAEL ALLEN 
R elative Appa r ent Molal Heat 
Contents of Some Aqueous Rare 
Earth Sal t Solutions at Z5°C. 
~
MOODY, NEAL WEAVER 
Effec t of Reduced Farrowing 
Interval on Sow Productivity. 
Animal Sci e nc e 
MO~N 
Cross Corr e lation of Sensory 
Stimuli and Ele c troenc e phalo-
gram. 
~ 
MOUNT, KENNETH STEPHAN 
Minimax Properties of Liklihood 
Ratio Tests R ela ted to Goodness 
of Fit. 
Statistics 
NA~HAMED EL-SAYED 
Spatially Dependent Stochastic 
Behavior of Coupled Core 
Reactors. 
~
NAVE, PAUL MICHAEL 
Oxidative Cleavage of Alcohols by 
Cerium (IV) and Chromic Acid. 
~
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NAZEMI, ABOLHASSAN OPENSHAW, MARTIN DAVID 
H e at Transfer in Fluidized The Effe ct of Ammonia on 
B e ds of F Lour and Starch. G ermination and Deve Lopment 
~ of Seedlings in Soil. 
NEA SHAM, JOHN WEST ~
Se dime ntology of the Willwood OPSAHL, ARTHUR WILLIAM 
Formation (Lower Eocene ): Chemical Thermodynamics of 
An A Lluvia L Mo Las se F aci e s Oscillatory Combustion. 
In Northwe stern Wyomi ng , U.S.A. C""'~ 
~ P A LOMBA, CA THERINE ANN 
NODEAN, WALTER CHARLES O ccupational Requirements for 
The Response of a Coupled Iowa, 1975. 
Core R e act or to a Lo ca Li z e d 
Oscilla tion of the Absorption 
Cross S e ction. 
Nucl ear~ 
NORDAHL. SHIRLEY ANN 
Ascoca rp Development in 
Se lected Species of Clc:> vic e ps 
and Cordyceps. 
MY~ 
NORDSTROM, DENNIS L. 
Some Applications of Cohe rent 
States in Quantum E lectrodyna -
mies. 
~ 
OCHRYMOWYCZ, LEO ARTHUR 
Chemistry of [3 Keto Sulfoxides. 
fl2~ 
OEHRTMAN, ROBERT LEE 
A Hierararchica l F actor Ana Ly sis 
of the Adjustment Pro \.. Lems 
Facing Milk Bottling Fi rms. 
Economics 
OGILvffi.FR'EDRICK BRUCE 
llp _ 31 p Spin - Spin Coup Ling 
in M e ta L Comp Lexe s of Pho s -
phorus Ligands. 
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OLI~ROBERT JAMES 
A Study on the P hosphoryl 
Group in P e p sinogen. 
~~ 
OLIVER, WILLIAM RALPH 
The Effe ct of Charge Lo c a Liza -
ti on and Structure on Electron 
Impact Induc e d Rearrangements 
of Or ganic Molecules. 
~
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P APAlc5ANNOU, PANAGIOTIS C. 
On Statistica L Information 
Theory and Related Measures of 
Information. 
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Appli cations of Heat Pipes to 
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~
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Protein Nutrition a nd Rates of 
Turnover of S e rum Globulins 
and Antibodies. 
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~
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A Comparison of Operational 
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in Piagetian Tasks. 
Ps~ 
PIMMEL, RUSSELL LEO 
Resolution Limitations to 
Medical Ultrasonics. 
~
PONCHILLIA, PAUL EDWARD 
Effect of Certain Soil Properties 
on the Survival and Migration of 
Xiphinema americanum. 
~
PORTILIO-CAMPBELL, JOSE H. 
D ecisions Under Risk Program-
ming with Economic Applications. 
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/-..r'-"-''-"-'""""'-~ 
FOSLER, GERRY LYNN 
Inbreeding A lfalfa, Medicago 
sativa L., by S e lfing, Sib-
mating , a nd Backcros sing. 
~~ 
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PREVENDER, THOMAS STEPHEN 
L a ttic e Dynamics of Y Zn. 
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PROUTY, JAMES LEE 
The Characte ristics of Deoxy-
ribonuc Leic Acid Iso Lated from 
Bacteria in Balanced Growth. 
~
RADLINSKI, RONALD PAUL 
Antiproton-Proton Annihilation 
into Four and Five Pions at 2. 4 
and 2. 9 GeV /c. 
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Analysis of Perox ide Types in 
Oxidized Fatty Acid Mixtur e s. 
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Preservation of Starter Cultures 
in Liquid Nitrogen. 
~
RINGHAM, MICHAEL RICHARD 
Greens Function Formulation 
of Laplace Transformed Multi-
group Diffusion Equations. 
~
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Urban-Rura L Deve Lopment 
Interrelationships in Minas 
Gerais, Brazil, 1949-1960. 
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Single Crystal Susceptibility 
Study of One -Dimensiona L 
Antiferromagnetic Interactions 
in CsCuCl 3· 
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Flow and Composition of Lymph 
in the Young Bovine. 
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RO~CARDO F. 
Bovine Virus Diarrhea Virus -
Host Cell Interaction. 
~·
RUIZ, MANUEL ENRIQUE 
Hematology of Pr egnant a nd 
Hysterectomized Gi Lts Fed Two 
Leve Ls of Energy. 
Anirna L Science 
~
SABRI, MEDHA T MAHMOUD 
Ma nagement of Agricultura L 
Marketing Cooperatives. 
~ 
SAHAI, PREM NA TH 
Evaluation of E x p e rimental 
M e thods of Teaching on Achieve -
ment in G ene ral Psychology at 
Iowa C ent r al Community College . 
Education 
SA.LAV£RRY, JOSE A. 
Inte rregional Linear Program-
ming Mode l for the Analysis of 
Agricultural D eve Lopment 
Policies in P e ru. 
Economics 
"'-"...,.._,.'-'"'"''"'-'"'"'-"-" 
SAMIMY, CYRUS 
Physiological Bas e s for the 
T emp e ratur e -Dependent Short 
Grow th of Hypocotyls in some 
Varieti e s of Soyb ea n. 
Botan and Plant Patholo 
SCHALK, TERRY LE ROY 
Hyperon-Antihyperon Produc-
tion in P P Interactions at 2. 4 
and 2. 9 GeV/.e . 
~ 
SCHAMBER, FREDERICK H. 
Inve stigation of Isobaric Spin 
Splitting in the Giant Resonanc e 
of Zinc 64. 
~~hy~ 
SCHAUER, FRANZ PETER 
Influenc e of Foundation Charac-
teristics on Response of Rea ctor 
Containme nt Structures to 
Ground Motions. 
~
SCHIELTZ, JOHN DAVID 
Elec trolytic Behavior of Yttria 
and Yttia Stabilized Hafnia. 
~
SCHMIDT, BRUNO FRANCIS 
Optical Prope rties of Silver-
Palladium Alloys. 
~ 
SCHOLLE, WILLIAM ALLEN 
Effect of Mass Transfer on the 
Motion of a Liquid-Liquid 
Interface. 
~
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SCHULZE, DAVID LOUIS 
A General Equilibrium Study 
of the Monetary Mechanism. 
Economics 
SC~ROBERT GERALD 
Therma L Study of Three In-TL 
A Lloys in the Neighborhood of 
the F.C.T. -F.C.C. Transi-
tion: Heat Capacities from 
5-300°K . 
SEIFERT, GEORGE WILHEIM 
The Estimation of Genetic 
P erameter s for Birth , Twenty-
o::i.e a nd Forty-two Day Weights 
of Duroc and Hampshire Swine. 
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Heat and Mass Transfer with 
a Moving Boundary. 
~
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The optima L Capacity Expansion 
Policy for a Firm. 
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Contributions to Discriminant 
Analysis. 
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~
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Streptococcus uberis and its 
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P erception of Villag e Needs by 
Four Categories of Need 
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SHIH, CHING - CHI 
Unsteady H ele-Shaw Flow. 
SHIVE, ROB ER T ALLEN 
Existence Theorems for the 
"'!:_ lntegra L. 
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S~OR, STEVEN MICHAEL 
Effects of Surfacta nts and 
Inorganic Additives on Nuc Lea -
tion Kinetics in Mixed Suspen-
sion Crystalli zation. 
~~
SIE, MAUREEN S. 
Pupil Achievement in an Experi-
mental non-Graded Elementary 
School. 
Education 
SMEGGfL;JOHN GEORGE 
X-Ray Diffraction Studies of 
Meta L- rich Transition Meta L 
Su Lfide s and Se Lenide s For med 
at High Temperatures. I. The 
Tantalum Sulfur System, II. 
The Group IV -B Dim enta L 
Se Lenides. 
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SMITH, ALAN REID 
Biosystematic Studies in the 
Genus The Lypteris S ection 
Cyc Losorus. 
~~~ 
SMITH, MARVIN DALE 
Incompressible Skewed Turbulent 
Boundary Layer on an End Wa ll 
of a Curved Two-Dimensional 
Diffuser. 
~
SOLEY MANY -KASH!, DA VOOD 
The Effects of Environment on 
Tritrichomonas augusta 
(Alexeieff, 1911). 
~ 
SOLTOW, ALLEN ROBERT 
Determinants of Interest Rate 
Expectations. 
Economics 
SO~IVE ALEXANDER 
The Method of Synergistic 
Models. 
Mathematics 
SPA~ALD NEIL 
Piezoelectric and Elastic Suf-
face Waves o::i. LiNb0 3 • 
~
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Administration of Instructiona L 
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and Unive rsiti es . 
Education 
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Aspects of Duality in Linear 
Programming. 
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Decision Making . 
~
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Orga nic Mass Spectrometry of 
Nitroo Leff ins and Structura Lly 
Re Lated Compounds. 
~
STARLER, NORMAN HOWARD 
Planning for the Optimiza tion 
of Re source Allocation in State 
Aid to Ed'..lca tion: An Applica -
tion to Iowa Pub Lie Schoo Ls. 
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~
STAUB, WILLIAM PRAED 
Seismic Refraction, a Technique 
for Subsurface Investigation in 
Iowa. 
Earth Scienc e 
ST~HLEO 
Application of Cyclic Relaxa tion 
Procedures in Transonic F Low 
Fie Lds. 
~
STEINKAMP, JOHN ALLAN 
Identification of Single Cells by 
Fluorescent and Darkfield 
Optica L Techniques. 
~
STOESSEL, EDWARD T. 
Phenomenological R egge Tra-
jectories in Direct Channel 
Pion-Proton Elastic Scattering. 
~ 
STONEBURNER, DANIEL LEE 
Forest-Prairie Boundary 
Energetics and Secondary 
Succession. 
~
STOTT, GEORGE GOULDING 
Changes wi th Age in the Canine 
F emale G e nitalia ; Histomor-
phologica L Study. 
~~~ 
STRAWN, GEORGE OWEN 
R esul t s in Polya dic Group 
The ory . 
Mathematics 
~..,....,.'""-''"'-'"'-"-"-'"'-"-
SUMTER, P AUL EDWARD 
L ea rning Experime nt: Effec tive -
ness of Controlling Environmental 
Distractions . 
Education 
SU~HAU 
The Ultrastructure of the 
Nuclear Division of B as idio-
bolus ranarum Eidam. 
~
TAFT, STEPHEN JOHN 
Host-Pa r a site Relationships of 
Five Specie s of Cyc Loco e Lids 
(Tr ematoda: Cyclocoed lida e ). 
~ 
TAIT, JOHN LAWRENCE 
Power Structures by Issue Areas 
in Five Iowa Comm uniti es . 
~
TANNEHILL, JOHN CHARLES 
Numerica L Computa tion of 
Int e rmediate A Ltitude Rocket 
Exhaust Plumes , Inc Luding Non-
Equilibrium Che mica L Re a ctions 
and Diffusion. 
~
TAY LOR, JU LIAN HOWARD 
Wartime Finance and the Term 
Structur e of Inte r es t Rates. 
Economics 
TA~RVIN KEITH 
Optimal Syne rg e tic Maneuvers 
Through !)ynamic Programming. 
TERNOY, JACQUES EMMANUEL 
Cooperation and Economic 
Efficiency. 
Economics 
THOMAS;R'EX ALLAN 
Computerized Simulation for 
Teaching Experimental Design. 
~
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Nitrogen Effects on L egume 
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Phenomenology B ased on 
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An Anatomica L and Fine St rue -
tu re Study of Stinging Hairs in 
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Thermal Expansion of Solid 
Argon from 1 to 25 K. 
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TRIZNA, DENNIS BENEDICT 
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Puls ed Wave Propaga tion in a 
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Exhibiting Col Lis ion and Doppler 
B r oade ning. 
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R esidue Number System in 
Computer Arithmetic. 
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R espons e of the Adult European 
Corn Bor er {Ostrinia Nubilalis) 
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Indica t ed by Respiration Rate. 
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Computer Assisted Instruction 
in College General Education 
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Education 
UT~DONALD ROBERT 
Bi-stable R es istivity Switching 
Properties of the S emiconducting 
G Lass as T e Ge . 
Charac t e ristics of Patients of ~~,Sr_;~3ir:g_ 
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1966-1968. Effects of Dieldrin, Ru e lene 
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~ 
TOWNSLEY, ROBERT JAMES 
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Electron Spin Resonance 
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~
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Aspects of CLostridium the rmo_-
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~ 
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ca l Factors. 
~
WAKABAYASHI, NOB UY SHI 
L a ttice Dynamics of Scandium 
~ 
WALL, LEONARD 
Harmonic Functions Associated 
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